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CONFIDENTIAL  ABSTRACT 


Heterogeneous  decomposition  catalysts  lor  98%  H202  were 
evaluated  in  both  laboratory  and  engineering  tests.  The  laboratory 
program  screened  thirty-three  metals  and  alloys  and  eighteen  catalyst 
pellets  for  catalytic  activity  and  thermal  stability  at  the  high(^.1740#  F) 
decomposition  temperatures  of  987o  H202.  Silver  and  silver-palladium 
alloy  screens  with  samarium  surface  activations  were  the  best  catalysts, 
but  only  the  6ilvei  -palladium  catalyst  exhibits  the  required  thermal 
stability.  Manganese,  cobalt,  lead,  and  barium  oxides  were  also  very 
active  and  thermally  stable,  but  were  not  suitably  incorporated  into 
catalyst  packs.  The  catalytic  activity  of  the  remaining  materials  was 
insufficient  for  rocket  applications  in  the  forms  tested.  Catalyst  packs 
containing  the  silver-30%  palladium  catalyst  screens  were  tested  in  22 
and  40  pound  thrust  motors  and  a  3/4"  internal  diameter  gas  generator. 
Inlet  and  chamber  pressures  and  temperatures,  flow  rates,  catalyst 
pack  temperatures,  thrusts,  and  starting  responses  were  measured. 
Pack  configurations  were  tested  with  and  without  silver  or  silver-5% 
palladium  screens  in  the  inlet  section  and  with  40  or  20  mesh  screens 
in  the  inlet  and  20  or  14  mesh  screens  in  the  exhaust  section.  The 
silver-30%  palladium  catalyst  gave  good  performance  in  gas  generator 
tests  up  tc  0.8  lb/ sec  flow  rates  and  1500  psia  chamber  pressures. 

The  use  of  silver  screens  in  the  inlet  section  of  the  pack  proved  bene¬ 
ficial  but  packs  containing  only  the  silver-30%  palladium  screens  also 
performed  well.  Packs  as  short  as  7/8"  in  length  operated  smoothly 
at  high  loadings  and  with  feed  temperatures  up  to  140°  F.  Screens  with 
greater  open  area  than  20  mesh  have  been  recommended  to  decrease 
the  pressure  drop  across  the  catalyst.  A  preheat-type  motor  was 
successful!)  tested  with  motor  and  feed  at  30”  F.  The  results  have  been 
correlated  to  give  the  variation  in  catalyst  pack  pressure  drop  with 
changes  in  chamber  pressure,  pack  loading,  feed  temperature,  and 
pack  length.  Example*  of  design  for  application  of  the  catalyst  pack  are 
given  for  thrust  motors  and  gas  generators. 
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SECTION  I 
INTRODUCTION 


Hydrogen  peroxide  can  be  decomposed  heterogeneously  by  passing 
over  a  catalyst  This  decomposition  results  in  release  of  heat  and 
formation  of  the  gaseous  decomposition  products,  oxygen  and  steam. 

Propulsion  applications  of  hydrogen  peroxide  date  back  to  World 
War  II  with  the  Walter  submarine  engine,  the  Messerschmidt  ME163 
fighter  plane,  and  the  infamous  V-2  rocket  These  systems  employed 
70  to  82%  hydrogen  peroxide  with  calcium  permanganate -impregnated 
"■tones",  as  a  decomposition  catalyst  These  calcium  permanganate 
"stones"  were  later  used  by  the  United  States  Army  in  the  Redstone  and 
Jupiter  C  missiles  to  burn  76%  hydrogen  peroxide. 

Stabilised  70%  hydrogen  peroxide  has  also  been  employed  since 
World  War  II  by  the  United  States  Navy  in  torpedo  applications.  Lead 
dioxide  was  first  used  as  a  decomposition  catalyst  and  later  "Argent" 
(silver-plated  iron)  and  "Irium"  (cobalt-plated)  screens  were  used.  These 
catalysts  have  performed  very  satisfactorily  and  have  the  advantage  that 
they  are  not  readily  poisoned  by  the  heavily  stabilized  peroxide.  They 
are  not,  however,  suitable  for  98%  H202  decomposition  due  to  the  low 
melting  point  of  the  alloys  used  and  the  higher  decomposition  tempera¬ 
ture  of  the  high  strength  hydrogen  peroxide. 

In  1948,  FMC  undertook  the  development  of  new  decomposition 
catalysts  for  90%  H202  to  be  used  in  submarine  propulsion.  Three 
successful  catalyst  systems  were  developed;  one  using  silver,  a  second 
using  a  liquid  sodium  iodide  system,  and  a  third  using  fused  powder 
(Mn02- Cobalt).  The. sodium  iodide  and  fused  powder  systems  were 
operated  in  excess  of  ten  hours. 

The  use  of  silver  catalysts  for  the  decomposition  of  90%  hydrogen 
peroxide  was  further  developed  as  part  of  the  Navy's  super  performance 
aircraft  program  in  the  late  1950's.  The  AR-2  H202  rocket  engines  developed 
under  this  program  have  sine  -  been  adapted  to  the  F-104  aircraft.  Other 
systems  which  have  successfully  employed  silver-screen  catalysts  include: 
the  ROR  (Reactor  on  Rotor)  helicopter,  the  X-l  submarine,  the  Scout 
attitude  control  motors,  the  Mercury  capsule,  the  SynCom  Satellite,  and 
NASA's  Lunar  space  simulator.  The  above  systems  U3e  samarium  oxide - 
coated  silver  wire  as  the  catalyst. 

In  an  attempt  to  increase  the  effective  surface  area  per  unit  volume, 
silver-plated  screening  has  been  used.  A  rough-electroplated  silver  screen 
has  a  very  high  surface -to- volume  ratio  and  permits  high  flow  rates.  Flow 
of  85  pounds  per  minute  per  square  inch  of  flow  area  have  been  demonstrated 
using  90%  hydrogen  peroxide. 
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Several  materials  have  been  employed  for  the  base  screens. 
These  include  cartridge  brass  (70%  Cu  -  30%  Zn)  and  iron.  Brass 
has  the  disadvantage  that  copper  and  silver  form  a  eutectic  melting 
at  1435*  F  which  is  only  slightly  above  the  decomposition  temperature 
of  90%  H202.  In  the  case  of  iron  it  has  been  difficult  to  obtain  an 
adherent  plating.  Catalyst  screens  with  porous  coatings  have 
become  rusty,  inactive,  and  have  caused  high  pressure  drops. 
Platings  therefore  have  been  avoided  except  under  special  condi¬ 
tions. 


In  late  1947  the  FMC  Corporation  made  available  to  the  Armed 
Services  for  the  first  time  commercial  quantities  of  98%  hydrogen 
peroxide.  Ninety-eight  percent  hydrogen  peroxide  is  an  excellent 
oxic;  „er  for  many  space  applications,  both  in  monopropellant  and 
bipropellant  systems  because  it  is  non-cryogenic,  has  high  density, 
and  can  be  used  as  a  regenerative  coolant.  However,  the  high 
decomposition  temperature  of  98%  H202  (1735®F  at  one  atmosphere 
pressure,  versus  1364* F  for  90%  H202)  causes  melting  of  the  con¬ 
ventional  silver- screen  catalyst  currently  used  to  decompose  the 
90%  H202.  Under  conditions  of  a  regeneratively  oxidant- cooled  rocket 
engine,  it  may  be  desirable  to  have  hydrogen  peroxide  feed  tempera¬ 
tures  as  high  at  300*  F  and  chamber  pressures  of  3,000  psi.  In  this 
case  the  hydrogen  peroxide  decomposition  temperature  would  then  be 
approximately  2065°  F.  Silver,  which  is  the  most  commonly  used 
catalyst  for  90%  hydrogen  peroxide,  melts  at  1760* F  (at  one  atmos¬ 
phere),  and  at  lower  temperatures  in  an  oxygen  atmosphere  at  high 
pressures.  Therefore,  high  melting  catalysts  for  98%  H202  need  to 
be  developed  and  evaluated. 

Several  silver  alloys  and  other  materials  having  melting  points 
above  the  decomposition  temperature  of  98%  H202  have  been  investigated 
as  potential  catalysts  .  The  selection  of  materials  which  investigators 
tested  was  quite  broad,  including  various  surface  activated 
cobalt,  manganese,  nickel,  platinum,  silver,  copper,  iron  and 
palladium  metals  and  alloys,  usually  employed  in  the  form  of  wire 
screens.  A  large  number  of  oxides  and  metal-metal  oxide  mixtures 
compacted  under  pressure  to  form  pellets  or  perforated  disks  also 
were  studied.  Although  some  of  the  tests  looked  encouraging 
none  of  these  materials  was  a  suitable  catalyst  for  98%  H202. 

In  1964  and  1965  FMC  investigated  the  development  of  a  catalyst 
for  98%  H202  which  could  be  used  in  higher  temperature  and  higher 
pressure  systems.  Tests  with  a  variety  of  catalytic  materials  ahewed 
that  silver -palladium  alloys  ap..  eared  the  most  promising.  Silver  - 
palladium  alloy  wire  was  then  obtained  and  fabricated  into  screens  to 
propnxe  catalyst  parks  with  greater  uniformity  and  controlled  pressure 
drop.  Engine  tests  <$rere  encouraging.  With  98%  H2Oz  feed  at  room 
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temperature,  starting  transients  (to  ?0%  maximum  chamber  pressure) 
as  low  as  58  milliseconds  were  obtained  with  a  70%  silver- 30% 
palladium  alloy  screen  (mp  2120°F). 

The  investigation  of  98%  H202  decomposition  was  continued  under 
Contract  AF04(6 11)- 11208,  sponsored  by  ^jke  Air  Force  Rocket  Propul¬ 
sion  Laboratory  with  the  objective  of  the  further  development  and 
evaluation  of  the  silver -palladium  catalysts  and  the  screening  of 
additional  materials  which  could  lead  to  new  catalysts.  The  scope 
of  this  program  included  both  laboratory  screening  and  motor 
demonstration.  (1-3) 

During  the  initial  phase,  a  review  of  the  literature  on  hetero¬ 
geneous  catalytic  decomposition  of  H202  was  conducted.  The  literature 
search  was  issued  as  a  separate  report  (  4  ).  The  laboratory  studies 
were  divided  between  development  of  the  silver  palladium  catalyst  and 
investigation  of  alternative  catalysts.  The  silver -palladium  catalyst 
had  been  shown  to  suffer  some  loss  of  catalytic  activity  upon  being 
heated  to  the  high  temperatures  of  rocket  motors.  This  effect  was 
investigated.  For  alternative  catalysts,  both  metal  and  alloy  screens 
and  catalyst  pellets  were  examined. 

The  motor  studies  were  devoted  primarily  to  evaluation  and 
development  of  catalyst  packs  based  upon  the  silver -palladium  catalyst. 
The  basic  types  of  catalyst  pack  configurations  incorporating  the 
silver-palladium  catalyst  were  first  tested  in  an  initial  motor  screening 
program.  The  best  configurations  from  these  tests  were  then  subjected 
to  motor  evaluations  at  high  pressures  and  high  pack  loading,  and  with 
heated  and  cooled  98%  H202  feed.  Brief  engineering  tests  were  also 
carried  out  on  catalyst  pellets  composed  primarily  of  cobalt  metal  and 
manganese  oxide. 


SECTION  II 

LABORATORY  SCREENING  PROGRAM 


Rocket  applications  of  98%  H2Oz  require  decomposition  catalyst? 
which  are  not  only  catalytically  active  but  also  thermally  stable.  The 
thermal  stability  requirement  is  particularly  important  since  the 
decomposition  temperature  of  98%  H202  is  nearly  400°  F  higher  than 
that  of  90%  H2Oz,  which  is  currently  in  use.  This  means  that  the 
silver  catalyst  screen  generally  used  for  decomposing  90%  H202  would 
melt  when  employed  with  98%  H202.  However,  a  catalyst  based  on 
silver -palladium  alloys  does  not  melt  and  has  been  successfully  tested 
in  rocket  motors. 

The  useful  silver -palladium  catalyst  is  a  70%  silver-30%  palladium 
alloy  which,  like  the  common  silver  catalyst,  is  coated  with  samarium 
oxide.  This  catalyst  exhibits  high  activity  for  decomposing  98%  H202, 
but  was  observed  to  be  less  active  after  being  heated  to  the  decomposi¬ 
tion  temperature  of  98%  H202.  Therefore,  laboratory  studies  were 
undertaken  to  investigate  the  nature  of  this  activity  loss  and  to  seek 
appropriate  modific?tions  of  the  catalyst. 

The  laboratory  program  was  also  concerned  with  screening 
alternatives  to  the  silver -palladium  catalyst.  This  entailed  testing  a 
large  number  of  metals  and  alloys,  both  with  and  without  surface 
activation  treatments.  In  addition,  various  catalyst  pellets  and  com¬ 
pounds  which  could  be  used  in  catalyst  pellets  were  investigated. 

1.  EXPERIMENTAL 
a.  Activity  Test 

This  laboratory  study  was  planned  as  a  screening 
procedure  for  catalysts,  to  be  followed  shortly  by  the  thrust  motor  te3t 
program  at  Walter  Kidde  and  Company,  Belleville,  New  Jersey.  The 
motor  tests  included  well-monitored  measurements  of  the  temperatures, 
pressures,  flow  rates,  thrusts,  and  start  transients  for  specific  catalyst 
beds  consisting  of  catalyst  configurations  suggested  by  the  laboratory 
study.  Consequently,  a  simple  activity  test  like  that  used  in  previous 
studies  was  used  in  the  laboratory  program  to  evaluate  the  basic  suita¬ 
bility  of  the  laboratory-prepared  catalysts.  This  test  consisted  of 
addition  of  the  catalyst  to  a  10  ml.  sample  of  98%  H202  contained  in  a 
100  ml.  graduate.  In  each  test  the  time  required  for  complete  decom¬ 
position  of  the  hydrogen  peroxide  was  measured.  Results  of  the  teste 
v;  -;re  reported  a3  ml.  of  98%  H202  decomposed  per  minute.  If  rapid, 
complete  decomposition  did  not  occur,  or  it  was  apparent  this  would  not 
occur  within  ten  minutes,  only  a  qualitative  description  of  the  rate  was 
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recorded.  In  some  cases  the  initial  activity  of  the  catalyst  during  the 
test  was  so  low  that  the  test  was  terminated  within  a  minute  or  two. 

In  other  cases,  bubbling  from  the  catalytic  surface  indicated  that 
complete  decomposition  would  occur  within  several  minutes  and  the 
test  was  allowed  to  go  to  completion. 


b.  The  Silver -30%  Palladium  Catalyst 

The  screen  used  to  evaluate  die  silver  -  30%  palladium 
alloy  catalyst  was  made  of  .  014  inch  diameter  wire  woven  20  by  20  mesh. 
Generally  1"  diameter  pieces  of  the  screen  were  used  for  testing  since 
the  rocket  motor  screening  tests  were  to  use  that  size  diameter  catalyst 
pack. 


The  silver -30%  palladium  screens  have  been  surface 
activated  in  several  ways.  One  previously  developed  coating  procedure 
for  the  silver  palladium  screens  consisted  of  dipping  the  fresh  screen 
in  a  50%  by  volume  solution  of  nitric  acid  containing  a  few  percent  each 
of  Pd  (N03)2,  AgNOj,  and  Sm(N03)3.  The  screen  was  then  heated  to 
500°  F  and  this  dip-bake  operation  was  carried  out  a  total  of  iin  ee  times. 

A  second  coating  procedure  consisted  of  one  dip  in  a 
HNOa  solution  containing  only  AgN03  and  Pd(N03)2,  followed  by  heating 
to  500-600*  F  then  8  to  10  dips  in  a  10%  bv  weight  Sm(NG3)3  solution, 
followed  by  heating  to  750-900°  after  eacn  dip.  This  procedure  appears 
in  greater  detail  in  Section  III,  Rocket  Engine  Tests  (page  27)  whe  re  it 
was  used  extensively  for  the  catalyst  screens  employed  in  those  tests. 

Screens  prepared  by  these  procedures  were  used  as 
standards  for  comparison  with  modified  procedures.  The  modifications 
consisted  of  varying  the  number  of  solution  and  heating  treatments  and 
the  components  of  the  solutions.  These  variations  are  reported  with 
the  results  where  applicable. 

Tests  were  also  run  on  a  number  of  reagent  grade 
chemicals  and  several  prepared  compounds.  Samples  of  .  02  to  .  2  grams 
were  tested  for  rough  indications  of  catalytic  activity.  The  test  with 
10  ml.  of  98%  H2Oz  was  used.  Additional  details  on  the  preparation  of 
of  the  compounds  are  reported  in  the  results  section. 
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c.  Other  Metal  in'  Alloy  Catalysts 

i 

The  metals  and  alloys  were  generally  spot-tested 
before  more  definitive  tests  with  larger  quantities  of  H2O2  were  used. 
The  spot  test  consisted  merely  of  adding  the  metal  or  alloy  to  one  drop 
of  98%  HjOj  contained  on  a  watch  glass.  The  metals  or  alloys  were 
either  used  (1)  in  untreated  condition  (i.  e.  surface  affected  only  by 
exposure  to  the,  atmosphere)  or  (2)  after  purposely  being  covered  with 
a  thick  oxide  coating  by  heating  in  air  in  a  resistance  furnace.  For  the 
latter  preparation,  the  samples  were  suspended  on  a  platinum  wire  for 
three  minutes  in  the  temperature  r  egulated  furnace  held  at  2000°  F. 

For  those  materials  which  appear  to  be  most  active 
in  the  spot  tests,  more  definitive  tests  were  run  with  10  ml.  of  98% 
H2O2  as  described  previously.  The  time  required  for  the  sample  to 
completely  decompose  the  10  ml.  was  measured  and  converted  to 
ml/ min  for  reporting  and  comparison  with  other  tescs. 


d.  Barium-Manganese  Mixed  Oxide  Catalyst 

Catalyst  screens  were  also  prepared  by  applying  a 
coating  to  a  support  screen.  The  support  screens  were  generally  one 
inch  in  diameter  and  were  either  14  or  20  mesh  screen  made  from  .  014 
inch  diameter,  alloyed  wire  containing  95%  nickel-5%  manganese  by 
weight  (Ni-5%  Mn).  Stainless  steel  screens  of  14  mesh  and  .  014  inch 
diameter  wire  were  also  used.  The  active  components  were  contained 
in  the  coating  which  was  applied  to  the  support  screens  in  the  following 
manner. 

A  dry  mixture  of  the  des*red  coating  chemicals  was 
finely  ground,  dusted  on  the  screen,  and  fused  to  the  screen  by  heating. 
The  dusting  was  accomplished  by  sprinkling  the  mixture  onto  the  screen 
with  a  spatula.  When  an  even  covering  of  the  screen  had  been  achieved 
without  plugging  the  open  spaces  of  the  screen,  heat  was  applied.  The 
screens  were  heated  to  between  1800  and  2500°  F  in  an  oxygen- hydrogen 
flame,  2100*  in  a  gas -air  flame,  or  2000-2100*  in  a  temperature- 
controlled  resistance  furnace.-  Two  or  three  applications  of  the  coating 
mixture  were  made  to  each  side  of  the  screen.  These  screens  were  also 
tested  for  catalytic  activity  by  measuring  the  time  required  to  decompose 
10  ml.  of  98%  H202. 
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Pellet  Catalysts 


Specific  details  concerning  the  cobalt  metal -manganese 
oxide  catalyst  pellet  appear  in  the  discussion  of  Motor  Screening  Tests, 
page  28.  Further  information  on  the  commercial  catalyst  pellets  tested 
has  been  collected  in  the  discussion  of  results,  page  22.  Refractory 
magnesia  pellets  of  l/8,?  diameter  were  used  to  prepare  impregnated 
pellets  for  testing.  The  magnesia  pellets  were  soaked  in  solutions 
of  various  ions  and  fired  at  1830*  F  after  each  solution  treatment. 
Solutions  containing  calcium  permanganate;  barium  and  manganese 
nitrates;  barium,'  manganese,  and  lead  nitrates;  vanadate  ion;  and 
molybdate  ion  were  used  to  impregnate  the  magnesia.  Three  treat¬ 
ments  were  used  with  the  calcium  solution,  two  each  with  the  barium 
solutions  and  one  treatment  for  the  last  two  solutions.  The  pellets  were 
then  spot  tested  for  catalytic  activity  with  one  drop  of  98%  H2G2. 


2.  RESULTS  OF  THE  LABORATORY  TESTS 
a.  The  Silver -30%  Palladium  Catalyst 

(1)  Deactivation  by  Heating 

The  investigation  of  the  deactivation  of  the 
surface  activated  silver -30%  palladium  catalyst  began  with  a  search 
for  the  probable  active  component  of  the  catalyst.  The  first  test  showed 
that  the  silver-30%  palladium  alloy  itself  was  inactive  (Sample  1,  Table  I). 
Attention  then  turned  to  investigation  of  the  components  of  the  surface 
coating  in  a  search  for  the  catalytically  active  substance.  Possible 
coating  components  can  be  recognized  by  consideration  of  the  coating 
procedures  where  the  oxides  AgzO,  PdO,  and  Sm203  were  believed  to 
be  formed  at  the  surface  of  the  screen.  Therefore,  separate  samples 
of  each  of  these  oxides  were  prepared  and  tested  for  activity.  As  Table  I 
shows,  AgzO  was  very  active,  PdO  moderately  active,  and  Sm203  only 
slightly  active. 

The  activity  of  numerous  surface -coated,  silver- 
30%  palladium  screens  were  then  correlated  with  the  activities  of  Ag20, 
PdOt  and  Sm203.  The  literature  reports  that  Ag20  and  PdO  decompose 
thermally  at  320*  and  1470*  F,  respectively.  Thus  screens  prepared  at 
low  temperatures  might  be  expected  to  show  the  high  activity  of  Ag20, 
while  screens  heated  to  approximately  1470*  would  retain  only  the 
moderate  activity  of  PdO.  Screens  heated  considerably  above  1470° 
would  be  expected  to  show  very  low  activity.  The  tests  roughly  supported 
this  suggestion,  and  representative  results  are  given  in  Table  I,  Samples 
5-3.  The  screens  were  heated  by  being  suspended  in  a  resistance  furnace 
and  the  temperatures  were  measured  with  a  chromel-alumel  thermocouple. 
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Very  active  screens  were  prepared  by  pro¬ 
cedures  that  included  heating  for  short  periods  at  315’  and  480’  F, 
where  AgjO  would  be  expected  to  decompose.  Even  extended  heating 
at  600*  (Sample  6}  did  not  destroy  this  high  activity,  although  extended 
heating  at  900*  (Sample  7)  moderated  the  activity.  These  results 
suggest  that  Ag20  was  present  in  a  mixed  oxide  layer  or  otherwise 
stabilized  so  that  it  was  not  thermally  decomposed  at  the  320®  de¬ 
composition  temperature  for  simple  Ag20.  Therefore,  a  successful 
silver- 30%  palladium  catalyst  might  result  if  a  more  thermally  stable, 
mixed  oxide  coating  were  produced. 

Since  A.gNOj  was  used  in  the  treating  procedure 
and  this  compound  decomposes  at  830’ F,  it  could  be  argued  that  .A."NOj 
rather  than  Ag-O  accounts  for  the  observed  behavior.  However,  this 
compound,  as  well  as  palladium  nitrate,  is  soluble  and  its  continued 
presence  in  the  coating  after  repeated  contact  with  H202  would  not  be 
expected.  Repeated  tests  on  highly  active  screena  showed  no  tendency 
toward  decreased  activity  unless  the  catalyst  was  heated  as  previously 
discussed. 


Three  silver  compounds  which  have  considerably 
higher  thermal  stability  then  Ag20  or  even  AgN03  were  tested  as  possible 
coating  components  (Samples  9-11).  None  of  the  compounds  exhibited 
activity. 


(2)  Alternative  Surface  Activations 

The  above  tests  suggested  that  the  thermal 
stability  of  the  active  Ag20  component  in  the  screen  coating  might  be 
increased  by  proper  choice  of  the  other  coating  components.  This  could 
result  if  mixed  oxides  oi£  silver  and  the  other  components  were  formed. 
Therefore,  additional  tests  were  carried  out  to  study  the  effect  of  other 
coatings  on  the  silver-30%  palladium  screens.  These  tests  included 
coatings  formed  by  heating  screens  that  had  been  dipped  into  solutions 
containing  manganese,  chromium,  cobalt,  copper,  cerium,  and 
lead  ions.  Only  lead  and  manganese  showed  high  activity. 

Since  it  was  late?  shown  that  these  three  ions  formed  active  coatings 
regardless  of  what  metal  or  alloy  was  used  for  the  support  screen,  no 
activity  contribution  from  the  silver -palladium  screen  was  indicated. 

The  result#  of  these  tests  are  reported  in  Table  IL 


b.  Other  Metal  and  Alloy  Catalysts 

The  heterogeneous  catalytic  activity  of  metals  for  de¬ 
composing  HjOx  has  generally  been  attributed  to  their  oxides  rather  than 
to  the  metals  themselves.  Thus  the  problem  of  finding  suitable  met?.’ 
screen  catalysts  for  98%  H*Oj>  centers  on  metals  whose  oxides  arc  active, 
thermally  stable,  and  either  adherent  to  the  base  metal  or  can  ha  generated 


from  the  base  metal  as  required.  Metal  oxides  and  other  chemical 
compounds  which  are  catalyfically  active  and  thermally  stable  can 
also  be  incorporated  into  catalyst  pellets  or  catalyst  screen  coatings. 
However,  catalysts  which  are  fabricated  in  the  form  of  wire  screens 
are  known  to  form  effective  and  predictable  catalyst  packs  for  decom¬ 
posing  H202.  They  can  withstand  high  flow  rates,  pressures,  and 
temperatures  without  breakdown  and  can  give  consistent  results  from 
one  catalyst  pack  to  another  because  of  the  uniform  distribution  of  the 
catalyst. 


(1)  General  Selection 

The  requirements  for  possibly  useful  metals 
and  alloys  can  be  outlined  briefly  as  follows.  For  the  largest  section 
of  the  catalyst  pack,  the  material  should  have  a  melting  point  above 
2000* F  in  order  to  survive  the  high  decomposition  temperatures  of  98% 
H2Oa,  particularly  if  the  H202  feed  is  to  be  above  room  temperature 
(for  example,  2066* F is  the  decomposition  temperature  if  300*  F  H2Oz 
fedd  and  3000  psi  chamber  pressure  are  used).  The  metal  or  alloy 
must  also  be  sufficiently  stable  in  oxidizing  atmospheres  tc  have  ex¬ 
tended  usefulness  in  the  presence  of  the  decomposition  product"; 
oxygen  and  water  vapor,  at  high  temperatures. 

Since  the  inlet  section  of  the  catalyst  pack  is 
cooled  by  the  H202  flow,  a  small  number  of  lower  melting  catalyst 
screens  can  be  accommodated  there.  Thus,  if  a  material  which  melts 
somewhat  lower  than  2000*  F  exhibits  very  high  activity,  it  can  be  used 
in  the  inlet  portion  of  the  pack  to  give  the  motor  good  starting  response. 

The  literature  (4  )  shows  that  some  hetero¬ 
geneous  catalytic  activity  exists  for  many  elements.  However,  direct 
comparisons  which  designate  which  elements  (oxides)  are  sufficiently 
active  for  consideration  as  H202  decomposition  catalysts  are  lacking. 

It  is  known  that  manganese,  cobalt,  silver,  and  lead  form  the  most 
active  catalysts,. 


Silver  is  the  most' widely  used  catalyst  for  de¬ 
composing  90%  H2Oz.  Various  silver-palladium  alloys,  when  properly 
coated  with  Sm2C3,  have  shown  good  activity  for  decomposing  98%  H202. 
In  this  program  mixtures  of  oxides  of  manganese,  barium,  lead  and 
cobalt  have  also  been  found  tc  be  highly  active  (see  part  c,  page  14). 

So  far  these  have  not  been  formed  by  oxidation  of  alloys  of  the  rnetals 
themselves,  but  only  aa  oxide  coatings  on  inert  support  screens. 


Of  4>n  (owr  element*,  manganese  is  very 
brittle  sad  so  ctMot  be  fim  into  wire.  High  manganese  alloys 
•re  *l»o  brittle  sad  have  net  been  commercially  developed  (5).  However, 
ttie  use  of  such  metarule  la  the  form  of  email  pieces  similar  to  catalyst 
pellets  coold  be  explored. 

Barium  has  a  low  melting  point  (1310*  F)  and  is 
reported  to  ignite  in  oxygen  atmospheres  at  much  lower  temperatures 
(6)*  Alloys  containing  useful  percentages  (>30%)  of  barium  are  un¬ 
common  and  generally  have  low  melting  points. 

The  melting  point  of  lead  is  far  too  low  for  use 
even  in  the  relatively  cool  inlet  section  of  the  catalyst  pack.  Alloys 
containing  significant  percentages  of  lead  will  also  have  very  low 
melting  points.  Nevertheless,  the  use  of  lead  monoxide  as  a  coating 
component  remains  of  interest,  since  its  melting  point  is  1630* F  and 
it  could  be  incorporated  in  higher  melting  oxide  combinations. 

Cobalt  and  its  alloys  are  high  melting  and 
can  be  expected  to  give  extended  life  in  high  temperature,  oxidising 
atmospheres.  Further  examination  of  these  materials  was  particularly 
warranted. 


(2)  Test  Results 

The  results  for  tests  on  a  large  number  of 
metals  and  alloys  are  reported  in  Table  III.  divided  roughly  into  groups 
based  on  the  periodic  table.  Among  the  transition  metals,  manganese 
and  cobalt  exhibited  the  greatest  activity,  as  expected.  However,  only 
surface  oxidised  manganese  produced  activity  of  the  order  needed  for 
a  catalyst  pack  OlQ  ml/min),  and  the  results  war*  somewhat  erratic 
(varying  from  2  to  10  ml/min).  Although  cobalt  has  been  successfully 
used  as  a  major  component  in  catalyst  pellets,  the  surface  oxidised, 
massive  metal  used  in  this  test  was  not  as  active  as  tha  manganese. 
Nevertheless,  since  cobalt  can  be  drawn  into  wire,  its  use  in  place  of 
the  much  less  active  nickel- 5%  manganese  as  filler  screens  in  the  highest 
temperature  sons  of  the  pack  might  be  beneficial. 

The  transition  metal  alloys  were  consistently 
rather  inactive.  ^ 

Among  the  platinum  metals,  palladium  proved 
to  be  somewhat  active.  This  warrants  its  use  as  an  alloying  agent  to  give 
thermal  stability  to  silver,  but  is  not  sufficlsnt  to  permit  pa’ladiurn  to  be 
used  as  a  catalyst  by  itself. 
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S£hr«r  sad  lead  were  by  far  the  most  active' 

♦1  laiBrt  among  the  remaining  metals,  as  suggested:  by  the  literature. 

The  low  melting  point  of  lead  prohibits  its  use,  as  discussed  previously. 

V  V 

Of  the  platinum  and  noble  metal  alloys,  the 
high  silver  alloys  were  selected  to  explore  possible  improvements  on 
the  silver-30%  palladium  catalyst.  The  inclusion  of  gold  as  an  alloy 
constituent  was  not  found  of  value,  though  the  test  used  was  not  suffi¬ 
ciently  sensitive  to  distinguish  between  silver  and  silver- 1%  gold. 

Some  activity  was  shown  by  palladium  alloys  with  other  elements 
than  silver,  but  silver- 30%  palladium  still  appeared  to  be  more  active. 
The  platinum  -  rhodium  alloy  suffered  a  decline  in  activity  on  being  heated. 

It  should  be  recognised  that  the  test  with  10  ml. 
of  HjOg  is  essentially  a  test  under  flood  conditions,  as  occurs  in  the 
inlet  region  of  the  catalyst  pack  during  rocket  motor  operation.  This 
test  does  not  necessarily  detect  which  catalysts  will  be  most  active  for 
decomposing  theheated  HaOa  further  into  the  pack  or  the  remaining  HaOa 
vapor  which  occurs  toward  the  exhaust  end  of  the  catalyst  pack,  dome 
of  the  materials  tested  might  yet  prove  to  be  good  high  temperature 
decomposition  catalysts.  Screens  of  monel  alloy,  nickel,  or  nickel- 5% 
manganese  alloy  have  been  used  for  the  highest  temperature  sones  of 
the  pack,  even  though  their  activity  under  cool,  flood  conditions  is 
negligible.  The  suggestion  has  been  made  that  thermal  decomposition 
in  conjunction  with  such  inert  metal  screens  completes  the  HaO]  decom¬ 
position  which  is  largely  effected  by  active  screens  earlier  in  the  pack 
(  7  ).  Hew  ever,  direct  comparisons  of  different  metals  and  alloys  as 
fillers  screens  in  the  exhaust  section  of  the  packs  have  not  been  made. 

Both  the  lead  and  molybdenum  activities  appeared 
to  be  dependent  on  the  formation  of  their  particular  oxides,  molybdenum 
trioxide  and  lead  monoxide.  These  oxides  were  produced  through  oxida¬ 
tion  of  the  metals  or  lower  oxides  by  the  HaOa.  The  dark  colored,  lower 
oxides  were  comparatively  inactive. 


c.  Barium-Manganese  Miked  Oxide  Catalysts 
(1)  Screen  Coatings 

The  attempts  to  modify  the  surface  activation 
coating  of  the  silver-30%  palladium  catalyst  to  stabilise  silver  oxide  in 
the  coating  indicated  the  high  activity  of  coatings  containing  oxides  of 
lead  and  manganese.  However,  the  activity  of  these  materials  was 
shewn  to  be  independent  of  the  metal  of  the  support  screen  by  the  use 
of  nickel-5%  manganese  and  stainless  steel  support  screens  as  well  as 
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tha  screen.  further  studies  of  various  alternative 

catalysts  which  could  exhibit  the  required  *heimal  stability  lor  decom- 
posing  99%  HjOj  were  carried  out  These  tests  revealed  the  high 
catalytic  activity  of  barium-manganese  mixed  oxides,  which  are 
related  to  the  calcium  permanganate  impregnated  catalysts  used 
lor  lower  concentrations  of  HgO|  for  many  years. 

Additional  mixed  oxide  coatings  of  barium- 
manganese,  manganese-lead,  and  lead- barium  were  then  prepared 
by  solution  treatments  and  tested.  The  barium-manganese  mixtures 
were  the  most  active  catalysts,  but  their  activity  decreased  in  subse¬ 
quent  tests  and  did  not  persist  after  heating  to  2070*F  (Table  IV, 

Samples  1-4).  Tests  of  the  mixed  oxide  (Table  IV,  Sample  5)  a*  an 
isolated  compound  rather  than  as  a  screen  coating  showed  the  mixture 
to  be  active  after  2070*  heating.  This  indicated  that  insufficient 
coating  thickness  was  being  obtained  by  the  application  of  barium  and 
manganese  from  solution,  followed  by  baking.  A  thicker  coating  was 
then  achieved  by  thermal  decomposition  of  a  dry,  chemical  mixture 
onto  the  screen.  This  screen  (Table  IV,  Sample  6)  showed  continued 
high  activity  in  spite  of  being  heated  to  2070* ,  but  also  showed  non¬ 
adherence  of  the  coating  to  the  screen  and  therefore  the  useful  life  of 
the  catalyst  was  limited. 

(2)  Coating  Binders 

Several  tests  to  improve  the  bonding  of  the 
coating  to  the  screen  were  carried  out  (Table  IV  Samples  7-10). 

First  it  was  found  that  better  adhesion  resulted  for  nickel-5%  manganese 
than  for  stainless  steel  support  screens.  Binder  components  were  then 
added  to  the  dry  chemical  mixture.  The  oxides  CuzO  or  AljOj  (containing 
some  minor  organic  components)  improved  the  adherence,  but  SiOt  or 
Z^SOJa  did  not  he^p. 

Other  materials  tested  as  possible  binders  are 
shown  in  Table  V.  For  catalyst  samples  I  to  4,  different  chemical 
sources  of  Ba,  Mn,  and  Pb  were  used  in  the  coating  to  see  II  these  acted 
as  binders.  The  materials  used  for  samples  1  and  2  did  not  give 
adherent  coatings.  A  uniform,  adherent  coating  was  obtained  for 
sample  3,  but  very  high  temperatures  were  required  to  apply  the 
coating  and  the  activity  of  this  sample  diminished  to  a  negligible  level 
on  the  second  test.  Further  development  of  this  catalyst  or  of  sampla  4 
could  prove  worthwhile. 


The  other  binder  materials  were  selected  from 
a  large  group  of  stock  chemicals  whose  melting  or  thermal  decomposi¬ 
tion  behaviors  were  observed  under  the  same  conditions  as  those  used  to 
apply  die  coatings  to  the  support  sersens.  Chemicals  which  produced 
uniform  coatings  and  did  not  fracture  appreciably  on  heating  were  chosen 
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for  the  teste  shown  in  Table  V.  Boric  oxide  appeared  to  be  the  beat 
binder. 

»  *.  • 

More  extensive  investigations  of  the  activity 

of  mixed  oxide  catalysts  containing  B20j  as  a  binder  are  reported  in 
Table  VL  Use  of  33%  BzOi|  effectively  eliminated  the  catalytic  activity 
by  diluting  the  active  components.  On  the  other  hand.  Z  1/2%  BjOs  did 
not  contribute  enough  adherence'  to  .the  coating.  Intermediate  amounts 
of  binder  produced  adhernn*,  active  coatings. 

The  B,0,  binder  was  employed  in  catalysts 
containing  Ba,  Co,  Mn,  and  Pb  oxides.  (Samples  4  to  1Z,  Table  VI) 
Catalysts  containing  only  one  of  these  oxides  with  B»Os  were  relatively 
inactive.  Among  catalysts  containing  two  or  more  cf  the  oxides, 
maximum  activity  resulted  from  the  combination  of  barium,  manganese, 
and  lead  oxides.  Good  activity  was  also  obtained  for  the  barium-  , 
manganese  and  barium -cobalt- lead  catalysts. 

Two  s ample s (Samples  13-14,  Table  VD which 
tested  the  effect  of  added  Si02  and  Na2COs  did  not  show  increased 
activity.  The  Na2C03  did  increase  the  porosity  of  the  catalyst  and 
resulted  in  better  starting  activity. 

The  remaining  four  catalysts  listed  in  Table  VI 
explored  the  preparation  of  the  coating  in  an  oxidising  rather  than 
reducing  flame.  An  increased  activity  depending  on  heat  treatment 
of  the  catalyst  under  oxidizing  conditions  was  not  clearly  indicated. 

These  last  four  samples  proved  useful  in 
determining  the  activity  of  full-sized,  1"  diameter  screens  and  the 
effect  of  extended  heating  at  high  temperatures.  Activities  approaching 
that  required  10  ml/ min)  for  the  inlet  portion  of  the  catalyst  bed 
were  achieved,  but  results  were  not  consistently  that  high.  The 
temperature  stability  of  the  catalyst  was  clearly  demonstrated,  This 
combination  of  moderate  activity  and  good  temperature  stability  suggested 
possible  application  of  the  catalyst  in  the  hot  zones  lower  in  the  catalyst 
bed. 

Since  the  B-Ba-Mn-Pb  containing  catalysts 
could  he  of  interest  for  the  hot  zone  of  the  catalyst  bed,  tests  were 
carried  out  using  H202  which  had  been  heated  to  120°  F.  As  in  the  tests 
run  at  70*  F,  the  10  ml  of  98%  H202  was  placed  in  a  100  mi  graduate.  The 
graduate  w».»  lowered  into  a  600  ml  beaker  of  water  heated  by  a  hot  plate. 
The  temperature  of  the  H202  was  measured  by  means  of  a  chrome  1-alumel 
thermocouple  and  potentiometer.  The  time  required  for  the  1  inch  catalyst 
screens  to  completely  decompose  the  10  ml  of  H2Oa  was  measured  and 
then  converted  to  ml/ min  for  listing  in  Table  VIL 
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TABU  VII 


**  TT}«  activation  treetaent  la  shown  on  Page  10. 
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As  Table  VII  shows,  the  activity  of  the 
B-Ba-Mn-Pb  catalyst  compared  favorably  with  the  Ag-30%  Pd 
catalyst  for  120*  Hs02.  The  active  silver -palladium  catalyst  did 
aot  exhibit  greater  activity  at  the  higher  temperature  than  at  room 
temperature.  However,  the  B-Ba-Mn-Pb  catalyst  was  significantly 
more  active  at  120*  than  at  70*.  The  B-Ba-Mn-Pb  catalyst  appeared 
far  superior  to  the  Ni-Mn  screens  commonly  used  as  filler  screens  in 
the  hot  sone. 


An  attempt  was  made  to  prepare  the  barium 
manganese  catalyst  screen  in  sufficient  quantity  for  a  motor  screening 
test.  However,  the  screens  continued  to  show  inconsistent  catalytic 
activity  whichwas  often  very  low.  'The  variation  in  activity  is 
attributed  to  the  formation  of  different  mixed  oxides  depending  upon 
the  ratio  of  barium  and  manganese  oxides  used  and  the  temperature  at 
which  the  coating  was  fired.  Further  study  of  these  variables  is  required. 

d*  Pellet  Catalysts 

Catalyst  pellets  have  the  advantage  of  very  high 
surface  area  when  compared  with  metal  screens.  However,  it  is 
generally  believed  that  pellets  prepared  by  compaction  and  firing 
of  powdered  ingredients  will  be  eroded  and  disintegrated  under  the 
high  flow  rates  and  high  temperatures  experienced  in  rocket  motors. 
Nevertheless,,  pellets  have  been  developed  and  successfully  used  in 
certain  applications  in  the  past.  This  part  of  the  laboratory  program 
was  designed  to  explore  further  the  possible  application  of  pellet 
catalysts  for  98%  H202  decomposition. 

(1)  Cobalt  Metal -Manganese  Oxide  Pellet 

In  an  earlier  program  (  8  )  a  large  number  of 
compacted  and  fired  catalyst  pellets  were  prepared  and  tested.  The 
principle  active  ingredients  used  were  Mn02  and  cobalt  metal.  Various 
additional  components  were  added  to  provide  porosity  and  binding  to 
the  pellets.  As  a  result  of  that  program  a  pellet  was  developed  which 
decomposed  98%  H202  successfully  for  222  minutes,  including  12  cold 
starts,  at  a  flow  rate  of  6.  5  pounds  per  square  inch  cross-section  per 
minute.  Laboratory  studies  on  this  pellet  were  not  carried  out  in  the 
current  program,  but  tne  pellet  was  prepared  in  quantity  and  motor 
tested  as  part  of  the  motor  screening  tests.  Further  details  concerning 
the  composition  and  preparation  of  the  pellet  are  given  on  page  28. 
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(2)  Commercial  Pellet* 

A  variety  o i  available  catalyst  pellet*  were 
tested  with  98%  HjOj  and  the  results  are  shown  in  Table  VUL  The 
pellets  have  been  roughly  grouped  according  to  their  manner  of 
preparation  by  observation  of  their  gross  morphology.  In  some  cases 
pellets  listed  as  compressed  powder  pellets  may  have  resulted  from 
impregnation  of  extruded  porous  supports.  In  general,  the  decom¬ 
position  rates  produced  were  lower  than  those  obtainable  with  catalyst 
screens.  However,  some  compensation  must  be  made  for  the  fact  that 
between  3  and  12  pellets  would  be  used  In  place  of  cne  active  qatalyst 
screen,  depending  on  the  manner  of  packing  the  pellets  in  a  pack  for 
motor  tests. 

Disintegration  of  the  compressed  powder  pellets 
appeared  to  be  a  significant  problem  even  under  the  relatively  mild 
conditions  of  the  tests.  The  pellets  which  showed  better  activity  in 
an  untreated  or  non-fired  condition  could  be  considered  for  the  cool 
inlet  section  of  the  catalyst  pack.  Of  these,  only  the  cobalt  catalyst 
pellet  (Sample  9)  produced  a  very  high  decomposition  rate,  but  this 
pellet  had  little  physical  strength.  Additional  tests  would  be  required 
to  show  whether  the  moderate  activity  of  the  silver  catalyst  pellet 
(Sample  18)  is  of  interest. 

Those  pellets  which  could  be  fired  without 
failure  were  further  tested  for  use  in  the  hot  section  of  the  catalyst 
pack.  Good  activity  resulted  for  the  molybdenum  sulfide  pellet  (Sample  3) 
but  the  pellet  did  not  held  together.  Only  the  copper  chromite  catalyst 
exhibited  any  cohesive  strength,  and  its  activity  was  low. 

None  of  the  obviously  impregnated  pellets  were 
both  physically  strong  and  catalytically  active.  The  last  three  materials 
listed  were  not  expected  to  show  much  catalytic  activity, as  was  found. 
They  may  prove  useful  as  supports  for  impregnation  with  other  active 
components. 


Though  none  of  the  cathlyst  pellets  as  tested 
were  considered  useful  in  the  present  program,  some  of  the  chemical 
constituents  have  shown  high  activity.  These  materials  may  be  of  uee 
as  screen  coating  or  impregnated  pellet  components. 
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(3)  Impregnated  Pellet* 

Si  ace  difficulties  were  encountered  with  disin¬ 
tegration  of  catalyst ':peUd** prognred  a*  compacted  and  fired  composites, 
th«:iinpr«ga*tion  of  refractory  magnesia  pellets  was  studied.  Solutions 
containing  calcium  permanganate;  birium  and.  manganese  nitrates:  barium, 
manganese,  and  teadnitratesvvanadate  ion;  and  molybdate  ion  were  used 
to  Impregnate  the  magnesia.  The  pellets  were  then  spot  tested  for 
catalyttc  activity  with  one  drop  of  9d%  H^Oj.  The  calcium  permanganate 
impregnated  pellet  showed  only  slow  bubbling  and  the  othe  r  four  pellets 
bad  even  less  activity.  Nevertheless,  the  materials  impregnated  late 
these  pellets  are  known  to  be  active.  Further  studies  are  required  to 
explore  the  impregnation  of  magnesia  and  ether  pellet-type  supports. 

Since  various  products  of  the  impregnation -firing  procedure  We  possible, 
-knowledge  of  the  effect  of  firing  temperature  and  ratio  of  solution 
comgdnehts  is  needed.  The  same  situation  has  been  encountered  for 
mixed- oxide  coatings  on  inert  screen  supports  (page  21). 


CONFtMEKFIftL 

SECTION  m 

ROCKET  ENGINE  TESTS 

The  •valuation  of  the  catalyst  performance  during  actual  motor 
operation  was  carried  out  under  subcontract  with  the  Walter  Kidde  and 
Company,  Inc. ,  Belleville.  New  Jersey.  This  part  of  the  program  had 
two  basic  purposes.  The  first  of  these  involved  motor  screening  tests 
on  a  variety  of  catalyst  configurations  and  materials.  These  tests 
were  designed  to  screen  catalysts  for  possible  use  in  the  motor  de¬ 
monstration  test  program. 

The  motor  demonstration  tests  included  operation  (a)  at  high 
chamber  pressure  and  high  throughput,  (b)  with  high  temperature 
HjO,  feed,  (c)  at  a  variety  of  chamber  pressures  and  throughput 
conditions  for  correlation  design  information,  (d)  for  extended  time 
.  to  measure  catalyst  life,  and  (e)  with  low  temperature  H2O2  feed. 


1.  INITIAL.  MOTOR  SCREENING  TESTS 

initial  screening  tests  were  performed  to  evaluate  those 
catalysts  which  were  found  to  be  most  active  in  the  laboratory  studies. 
The  surface  treated.  70%  silver,  30%  palladium  by  weight  catalyst 
screens  gave  most  encouraging  performance  in  the  laboratory  phase, 
therefore,  catalyst  packs  were  designed  and  fabricated  using  these 
catalyst  screens  together  with  the  common  silver  catalyst  screens 
and  95%  nickel- 5%  manganese  filler  screens. 

The  catalyst  screens  were  packed  into  cartridges  and  then  sent 
to  Walter  Kidde  and  Company,  Belleville,  New  Jersey,  for  testing  in 
a  40  pound  thrust  motor.  Pressure,  temperature,  thrust,  initial 
startup,  and  other  performance  characteristics  were  recorded.  At 
the  completion  of  the  motor  tests,  the  cartridges  were  returned  to  FMC 
for  laboratory  measurements  and  testing  of  the  catalyst  screens. 

In  addition,  a  screening  test  was  carried  out  with  a  catalyst 
pellet  developed  by  FMC  under  an  earlier  program  (  8  ).  The  principle 
active  ingredients  of  this  pellet  were  MnO]  and  cobalt  metal.  Additional 
components  were  added  to  provide  porosity  and  binding  to  the  pellets. 

a.  Thrust  Motor 

The  40  lb.  thrust  motor  used  in  these  tests  is  shown  in 
Figure  1  .  The  inlet  structure  can  be  separated  from  the  remainder 
of  the  motor  by  removal  of  the  inlet  bolts.  This  permits  the  catalyst 
cartridge  to  be  withdrawn  from  the  motor.  The  port  for  chamber 
pressure  measurements  is  indicated  on  the  figure.  It  enters  the 
chamber  between  the  end  of  the  catalyst  cartridge  and  the  fitting  for 
the  exhaust  nossle.  The  exhaust  noasle  is  shown  at  the  extreme  right 
It  was  not  changed  during  the  teste  with  this  motor. 
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40#  98%  H,0,  THRUST  CHAMBER 
USED  IN  SCREENING  TEST  STUDIES 


CHHPPfTiAL 


k  Ckluytt  FftfutHoa 

The  iilv«r*30S  palladium  20  and  40  maih  catalyst  screens 
were  treated  prior  to  use  according  to  the  procedure  listed  below. 

A.  Preparation  of  Screen 

1.  The  screen  was  degreased  in  a  vapor 
degreaser  containing  perchloroethylene. 

2.  The  screen  was  then  sandblasted  with  a 
54  grit  aluminum  oxide  at  60-80  psi. 

B.  Acid  Treatment  of  Screen 

1.  A  1"  square  piece  of  20  mesh,  0.  014  mil, 

70%  Ag-30%  Pd  alloy,  wire  screen  was  dropped 
into  500  cc  concentrated  nitric  acid  and  allowed 
to  dissolve.  The  sandblasted  screen  was  dipped 
into  the  nitric  acid  solution  containing  the  dis¬ 
solved  screen  and  moved  about  in  the  liquid  for 
approximately  30  seconds.  It  was  then  removed 
and  allowed  to  drain  as  thoroughly  as  possible. 

2.  The  screen  was  then  placed  in  the  oven  at  a 
temperature  of  400*  F  for  20  minutes;  upon  its 
removal  the  screen  was  quite  dark  and  rather 
heavily  coated.  It  was  then  dipped  a  second  time 
following  the  same  procedure  as  above  and  again 
heated  for  20  minutes  at  400*  F. 

C.  Samarium  Nitrate  Treatment  of  Screen 

1.  The  screen  wa  j  next  immersed  into  a  solution 
of  20%  by  weight  of  samarium  nitrate  until 
thoroughly  wet,  removed  from  the  solution  and 
allowed  to  drain  thoroughly. 

2.  The  material  was  then  heated  for  20  minutes  for 
720*  F.  This  proesdure  was  repeated  until  seven 
(7)  dips  and  seven  (7)  heatings  had  been  completed. 

3.  Since  some  areas  of  the  screen  openings  were 
generally  blocked,  the  screen  was  brushed  with 
a  stiff  brush. 


27 


CONFIDCNTIAL 


The  silver  catalyst  screens  used  in  this  program  were 
also  cleaned,  sandblasted,  acid  treated,  and  coated  with  samarium 
oxide.  The  nickel-5%  manganese  filler  screens  were  used  without 
further  treatment  Both  treated  catalyst  screens  and  untreated  filler 
screens  were  punched  to  one  inch  diameter  discs  for  use  in  the  motor 
cartridge. 

The  catalyst  pellets  tested  in  the  last  of  the  initial  motor 
screening  tests  were  prepared  by  a  procedure  developed  by  FMC  under 
an  earlier  program  (8  ).  The  composition  of  this  pellet,  type  113, 
was  as  follows: 


Cobalt 

68.  6 

NaCl 

17.  1 

MnOj 

3.  9 

FeaO, 

3.6 

CuO 

2.4 

QMBO,)2 

1.2 

NajCOj 

1.  2 

The  components  were  thoroughly  mixed  and  then  compressed 
at  30,  000  psi  into  1/8"  diameter,  3/16"  long  pellets  using  an  automatic 
pellet  press.  The  pellets  were  then  fired  in  air  at  210Q*F  for  30  minutes 
in  an  electric  furnace. 


c.  Catalyst  Packing 

The  catalyst  cartridge  is  shown  in  greater  detail  m  Figures  2  and 
3  .  The  first  step  in  loading  the  cartridge  with  catalyst  screens  was  to 
place  the  retainer  plate  inside  the  shell  flat  against  the  lip  at  the  bottom 
of  the  shell.  Next  the  catalyst  screens  were  added  one-by-one  on  top 
of  the  retainer  plate.  Each  screen  was  rotated  somewhat  from  the 
orientation  of  the  previous  screen  to  provide  a  uniform  distribution  of 
catalyst  within  the  cartridge.  After  one-third  of  the  screens  had  been 
loaded,  a  4"  long,  1"  diameter  packing  ram  was  inserted  in  the  cartridge 
and  the  screens  were  compressed  to  4000  psi  on  a  laboratory  bench  press. 
The  ram  was  removed  and  additional  screens  were  added.  The  pack  was 
again  compressed  to  4000  psi  after  2/3  of  the  screens  had  been  loaded 
into  the  cartridge.  After  all  the  screens  were  loaded,  the  anti-channel 
baffle  and  injection  plate  were  placed  above  the  catalyst  screens.  Toon 
while  the  pack  was  compressed  to  4000  psi  with  a  packing  ram  only  1/2" 
in  diameter,  the  snap  ring  was  inserted  into  the  slot  jusf  inside  -he  front 
ef  the  cartridge  shslL 


Figure 
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<JL  General  Configuration  Coe  side  rations 

An  important  cone ide ration  in  designing  the  catalyst  packs 
is  to  properly  relate  the  type  of  screens  used  to  the  temperature  profile 
(9)  that  will  be  achieved  in  the  motor.  Previous  motor  tests  with  98% 
HjOj(7»  10) revealed  that  the  inlet  portion  of  the  pack  is  relatively  cool 
compared  to  the  exhaust  region  during  motor  operation.  In  fact,  the 
theoretical  decomposition  temperature  is  not  reached  until  about  1/4" 
to  3/8"  into  the  bed.  If  the  catalyst  pack  operates  properly,  the  remainder 
of  the  pack  is  heated  to  a  rather  uniform  temperature,  approximately 
the  theoretical  decomposition  temperature  of  the  98%  PjOj. 

Because  of  this  temperature  profile  it  is  possible  to  use  very 
active  but  less  thermally  *tabltv  screens  in  the  inlet  region  of  the  pack. 

By  this  means  good  starting  characteristics  can  be  achieved.  However, 
it  is  critical  that  these  screens  be  kept  out  of  the  regions  in  the  pack 
subjected  to  the  high  temperatures,  or  screen  melting  will  occur. 

Previous  FMC  studies  have  shown  that  ten  to  sixteen  20 
mesh  silver  screens  ^an  be  used  at  the  inlet  of  a  catalyst  pack  for  98% 
HtOj.  In  fact,  a  pack  prepared  with  sixteen, 20  mesh  silver  screens  con¬ 
taining  only  inert  screens  below  the  silver  resulted  in  full  decomposition 
of  tho  HjOj  on  start-up. 

In  progressing  through  the  pack  the  HjOj  soon  reaches  a  high 
temperature.  It  is  probable  that  a  large  variety  of  catalysts  are  suffi¬ 
ciently  active  to  decompose  the  remaining  heated  HjO 2  in  this  hot  zone 
of  the  pack.  On  the  other  hand,  it  is  essential  that  the  catalysts  main¬ 
tain  their  physical  properties  at  the  high  temperature.  Thus  the 
criterion  of  thermal  stability  seems  more  important  than  activity  in 
the  high  temperature  section  of  the  pack. 

e.  Catalyst  Pack  Configurations 

The  catalyst  configurations  of  some  representative  catalyst 
packs  used  in  the  initial  motor  screening  tests  are  shown  in  Figure  4  . 
Packs  AF-5  and  AF-6  operated  the  best  of  the  configurations  tested. 

Pack  AF-8  contained  a  spacer  ring  below  the  catalyst  pack  to  allow  a 
shorter  pack  without  requiring  a  different  motor  cartridge. 

Pack  AF-ll  also  contained  a  spacer  ring,  which,  in  this 
case,  protected  the  catalyst  pellets  from  the  4000  psi  pack  compression. 

A  total  of  65  pellets  were  distributed  among  three  layers.  Ntc)cel-5% 
manganese', filler  screens  were  used  to  separate  the  layers  and  thus 
maintain  the  pellet  alignment  during  motor  testing.  Each  pellet  was 
1/8"  in  diameter  and  3/l6"  in  length. 
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Figure  4 

Representative  Catalyst  Pack  Screen  Configurations  Used  in  Initial  Motor  Screening- Testa 
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Note:  Anti-channel  baffle  ring  was  placed  after  the  first  15  screens  in  each  pack. 
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A  complete  summary  of  all  the  catalyst  \  ;tk  configurations 
tested  in  the  initial  motor  screening  tests  appears  in  V'  his  TX.  In  die 
first  column  to  the  left  appear  the  catalyst  peck  designations.  The  next 
eight  columns  indicate  the  numbers  of  -aach  type  of  1M  dvtmicsr  screens 
used  in  the  catalyst  packs.  These  columns  are  arranged  in  order  from 
left  to  rigut  so  the  inlet  screens  appear  to  the  left  and  the  exhaust  end 
of  the  pack  is  at  the  right.  The  next  column  indicates  the  changes  and 
re-use  of  catalyst  screens  for  some  o *  the  packs.  The  last  column 
gives  the  pack  compression  for  each  pack. 

f.  Test  System 

A  schematic  of  the  initial  screening  test  system  appears 
in  Figure  5  .  The  98%  H202  for  the  test  was  contained  in  a  5  gallon 
tank  shown  to  the  left  in  the  schematic.  The  feed  pressure  of  the  H202 
was  maintained  by  nitrogen  gas  which  entered  the  top  of  the  tank.  The 
test  was  started  by  applying  an  electrical  impulse  to  the  remotely  operated 
propellant  valve.  The  feed,  inlet,  and  chamber  pressures  were  measured 
by  transducers.  A  copper- cons tantan  thermocouple  w.\s  used  to  measure 
the  inlet  temperature  and  a  chromel-alume  thermocouple  determined  the 
chamber  temperature. 

The  thrust  motor  was  mounted  on  a  cantilever-type  load 
cell  which  enabled  the  measurement  of  thrust.  The  load  cell  was  cali¬ 
brated  using  weights  placed  on  top  of  the  motor.  A  quick  disconnect  was 
used  to  separate  the  H202  tank  from  the  remainder  of  the  system  so  it 
could  be  weighed  before  and  after  each  steady  state  test.  In  this  way  the 
propellant  flow  during  steady  state  operation  was  determined. 

The  test  stand  itself  appears  in  Figure  6  .  The  motor  is 
mounted  to  the  end  of  the  cantilevered  frame  wnich  is  fixed  (toward  the 
bottom  of  the  picture)  to  the  remainder  of  the  dark-colored  test  stand. 

The  load  c»H  is  contained  within  the  test  stand.  The  pressure  transducers, 
thermocouples,  and  propellant  valve  are  also  indicated  in  the  figure. 

g.  Teat  Procedure 

All  tests  were  conducted  using  FMC  Corporation  supplied 
98%  H202  which  was  filtered  to  10  microns  prior  to  introduction  into  the 
test  system.  The  pressurant  used  was  nitrogen  gas,  per  M1L-BB-N-41  IB, 
Grade  B,  type  1,  class  1  filtered  to  10  microns  prior  to  introduction  into 
the  test  system. 

The  testing  of  the  catalyst  packs  was  performed  in  the  following 
sequence  using  a  static  fuel  pressure  of  530  psig. 
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NOMENCLATURE 

Pr  PROPELLANT  INLET 
PRESSURE 

P2  PROPELLANT  PRESSURE 
MOTOR  INLET 
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TEST  STAND  -  INITIAL  SCREENING 
FMC  98  %  H202  MOTOR  TESTS 
CONTRACT-  AF04  (6HMI208  SUB  NO.  I 
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1.  TUe  ambient  temperature  motor  was  pulsed  three 
times  at  a  pulse  mode  of  200  msec,  on  and  three 
seconds  off. 

2.  The  motor  was  allowed  to  cool  for  ten  minutes. 

3.  The  motor  was  pulsed  three  hundred  times  at  a 

pulse  mode  of  150  msec,  on  and  350  msec.  off. 

4.  The  fuel  tank  was  then  disconnected  and  weighed. 

5.  The  fuel  tank  was  reconnected  and  a  30  second  steady 

state  test  was  run.  The  fuel  tank  was  then  reweighed. 

6.  The  motor  was  then  allowed  to  cool  to  ambient  tem¬ 
perature. 

7.  Steps  1  and  2  were  repeated. 

8.  The  motor  was  pulsed  six  times  at  a  pulse  mode  of 
150  msec,  on  and  350  msec.  off. 

9.  Steps  6,  7,  and  8  were  repeated. 

« 

10.  The  motor  was  purged  with  nitrogen  gas. 


After  the  test  of  catalyst  cartridge  AF-1  resulted  in  extremely 
foggy  exhaust.  th<j  test  procedure  described  above  was  temporarily  by¬ 
passed  for  preliminary  testing  of  cartridge  AF-2.  This  cartridge  was 
tested  at  five  different  fuel  pressures  for  five  second  steady  state  opera¬ 
tions.  Exhaust  continued  foggy  with  this  cartridge  and  no  data  was  re¬ 
corded.  The  problem  was  traced  to  low  catalyst  pack  compression  and 
the  described  test  procedure  was  resumed  with  cartridge  AF- 3. 

I 

The  outputs  of  the  test  instruments  were  recorded  with  an 


oscillograph  recorder  at  8-10  inches  per  second  paper  speed  as  follows. 

Chamber  Pressure  300  peig 

Motor  Inlet  Pressure  500  peig  max. 

Propellant  Tank  Pressure  600  psig 

Thrust  40  lb.  F 

Propellant  Temperature  at 

Motor  Inlet  +S0*F  +  10*F 

Valve  Signal  (Current)  1  Amp. 
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Instrument  calibration  was  performed  prior  to  each  test 
using  the  above  values  as  maxima  at  approximately  four  inches  de¬ 
flection. 

h,  Results  of  the  Tests 

The  results  for  the  initial  motor  screening  tests  are 
summarised  in  Table  X  .  The  pack  numbers  for  the  ten  screen  con¬ 
figurations  and  one  pellet  configuration  are  shown  in  the  first  column. 
The  second  column  indicates  the  specific  tests  for  which  the  data  in 
the  remaining  columns  is  given:  the  first  and  third  cycles  of  the  300 
cycle  portion  of  the  test  program,  and  the  average  of  data  taken  at  five 
different  points  during  the  steady  stage  tests.  The  specific  impulse  and 
the  characteristic  velocity  of  the  exhaust  gases  (in  feet  per  second} 
are  represented  by  ISP  and  C*  respectively. 

Two  columns  to  the  right  in  the  table  show  the  time  in 
milliseconds  required  to  reach  10%  and  90%  cf  maximum  chamber 
pressure  at  the  start  of  the  test  and  to  decay  to  90%  and  10%  at  shut¬ 
down.  These  recorded  start  and  shutdown  responses  are  approximately 
10  msec,  greater  than  the  true  values.  This  has  resulted  because  the 
line  from  the  motor  to  the  chamber  pressure  transducer  was  greater 
than  minimum  length  (Figure  6  ),  which  causes  a  time  lag  in  the 
measurement  of  chamber  pressure.  Remarks  concerning  the  nature 
of  the  exhaust  and  the  stability  of  motor  operation  appear  in  the  last 
column. 


Tables  XXII  to  XXXI  in  the  Appendix  give  more  complete  data 
for  each  initial  screening  test. 

The  three  "warm-up"  pulses  constituted  the  first  contact 
of  the  catalyst  pack  with  98%  H20*.  The  responses  and  decays  of  each 
pack  for  the  first  and  third  of  these  initial  warm-up  pulses  ?  e  given  in 
Tables  XI  and  XIX  Since  the  feed  lines  are  not  initially  filled,  the  start 
transients  recorded  for  the  first  pulse  are  greater  than  the  actual  motor 
response.  The  data  for  the  second  and  third  sets  of  warm-up  pulses  in 
the  test  procedure  are  also  given.  For  tests  AF-1  through  AF-7,  both 
the  chamber  pressure  and  thrust  responses  and  decays  are  given.  Only 
chamber  pressure  date,  is  given  for  the  remaining  tests. 

(11  Pack  Compression 

The  firet  two  packs  (AF-1  and  AF-2)  produced  foggy 
exhauet  at  3tartup  indicative  of  incomplete  decompo**AJ.~*'  due  to  loose 
packing  of  the  screens  in  the  catalyst  pack.  Loose  screens  allow  the  . 
HjOj  to  pass  more  directly  through  the  catalyst  pack,  thus  shortening 
the  stay  time  in  the  pack  and  giving  less  total  contact  with  catalyst  sur¬ 
face.  Both  of  these  factors  contribute  to  incomplete  decomposition. 
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Test*  sonduoted  by  Halter  Kidd*  Co 
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TABLE  XI 


98g  HaCa  INITIAL  SCKESNINQ  TESTS 
Starting  Behavior  of  Catalyst  Packs  AF->1  through  AF-6 


Cat. 

Paok 

NOj_ 

Cycle 

No. 

Mil.  Sec 
to  9<# 
Thrust 
Response 

•  Mil .  See . 
to  90* 
Chamber 

Res pons e 

Mil •  Sec . 
for  Thrust 
Dacay 
to  10% 

Mil.  1 
for  c: 
Decay 
to  10! 

af-i 

1 

M/A 

N/A 

N/A 

N/A 

3 

?6 

60 

34 

38 

1 

N/A 

N/A 

N/A 

N/A 

3 

45 

46 

42 

42 

1 

N/A 

N/A 

N/A 

N/A 

3 

25 

49 

41 

54 

AF-2 

1 

N/A 

N/A 

N/A 

N/A 

4F-3 

X 

N/A 

N/A 

N/A 

N/A 

3 

17 

27 

34 

4r 

1 

N/A 

N/A 

N/A 

N/A 

3 

27 

23 

23 

49 

1 

N/A 

N/A 

N/A 

N/A 

3 

23 

23 

20 

42 

AF-4 

1 

N/A 

N/A 

N/A 

N/A 

3 

23 

30 

23 

43 

1 

N/R 

N/R 

N/R 

»iA 

3 

N/R 

N/R 

nA 

NA 

AF-5 

,  1 

115 

104 

44 

79 

3 

20 

31 

30 

45 

1 

70 

97 

24 

49 

3 

20 

28 

28 

48 

1 

134 

137 

10 

*  39 

3 

28 

27 

30 

49 

AF-6 

1 

229 

220 

112 

120 

3 

29 

32 

35 

36 

1 

88 

100 

22 

45 

3 

27 

31 

23 

45 

1 

128 

132 

23 

49 

3 

26 

3C 

24 

41 

N/a  *• 

Denotes 

that  the  motor  did  not 

start . 

- 

N/R  - 

Test  discontinued 

because  of  severe  oscill 

ations. 
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TABLE  XII 

-C  9®*  MeO*  INITIAL  3GRESNINQ  TESTS 

i  ■*■  --- 

/  girting  Behavior  of  Catalyst  Packs  AP-7  through  AP-11 


V  s'  *  \f  .  ;■ 

Nil.  Sec. 

Mil.  Sec. 

Mil.  Sec. 

Mil.  Sec. 

Gat. 

to  90* 

to  90* 

for  Thrust 

for  Chamber 

'Pack 

Cycla 

Thrust 

Chamber 

Decay 

Decay 

mu- 

Response 

Response 

to  10* 

to  10* 

AF-7 

1 

N/A 

N/A 

N/A 

N/A 

3 

21 

40 

22 

42 

1 

140 

160 

36 

85 

3 

22 

38 

2S 

46 

1 

N/A 

N/A 

N/A 

N/A 

3 

21 

26 

18 

42 

AP-6 

1 

... 

221 

... 

98 

3 

— - 

57 

— 

53 

1 

— 

N/A 

- ... 

N/A 

3 

... 

33 

— 

60 

1 

N/A 

... 

N/A 

3 

33 

— 

48 

AP-9 

1 

N/A 

... 

N/A 

3 

... 

41 

... 

55 

1 

... 

87 

... 

62 

3 

35 

49 

1 
.  3 

*5? 

... 

U 

AF-10 

I 

— - 

N/A 

... 

N/A 

3 

... 

55 

35 

I 

J/A 

— 

N/A 

3 

... 

58 

— 

52 

1 

... 

M/A 

N/A 

3 

... 

5 

26 

AP-11 

I 

— - 

N/A 

... 

N/A 

3 

91 

— 

72 

2 

... 

210 

... 

82 

3 

— 

27 

•**— 

64 

1 

si 

"/A 

— 

N/A 

3  • 

47 

59 

M/A  -  Denotes  that  the  motor  did  not  start. 
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Catalyst  pack  AF-1  wa s  repacked  as  pack  AF-4  with 
no  change  except  the  addition  of  Ni-5%Mn  filler  screens  to  the  exhaust 
(hot  sone)  end  of  $he  pack.  By  this  means  the  packing  pressure  required 
to  load  the  pack  into  the  cartridge  was  nearly  doubled  to  4100  pounds.  As 
a  result,  AF-4  produced  the  clear  exhaust  associated  with  relatively  com¬ 
plete  decomposition  of  H202.  The  configuration  of  pack  AF-2  was  also 
packed  at  a  much  higher  pressure  (AF-3)  and  also  yielded  complete  de¬ 
composition. 

(2)  Use  of  Low-Melting  Screens 

The  configurations  of  packs  AF-1  to  AF-4  contained 
silver-5%  palladium  catalyst  screens  (Table  IX).  These  screens  have 
a  melting  point  of  1780*F,  which  is  about  20*  higher  than  that  of  the 
silver  screens,  but  still  far  lower  than  the  silver- 30%  palladium  screens 
(mp,  2120*  F).  Complete  decomposition  of  the  H202  feed  was  not  achieved 
for  packs  AF-1  and  AF-2,  so  an  adequate  test  of  the  silver-5%  palladium 
screens  was  not  obtained.  However,  the  catalyst  packs  in  cartridges  AF-3 
and  AF-4  both  resulted  in  melting  of  some  of  the  silver-5%  palladium 
screens  near  the  inlet  of  the  pack.  In  view  of  the  known  catalyst  pack 
temperature  profiles  it  seemed  probable  that  a  1/4"  to  3/8"  depth  of 
lower  melting  screens  such  as  silver  or  silver-5%  palladium  could  be 
used  in  the  inlet  portion  of  the  pack.  However,  the  results  with  packs 
AF-3  and  AF-4  indicated  this  region  of  lower  temperatures  is  limited 
to  about  1/8"  at  20  psim  pack  loading. 

As  the  screens  of  packs  AF-3  and  AF-4  melted,  the 
molten  material  was  carried  further  down  the  pack.  Distinct  clogging 
of  some  areas  occurred.  Severe  oscillations  in  the  chamber  pressure 
were  observed  and  further  tests  on  these  packs  were  discontinued. 

Figure  7  shows  the  screens  that  were  removed  from  catalyst  packs 
AF-3  and  AF-4.  The  screens  have  been  separated  to  show  clearly  where 
the  melting  occurred.  The  damaged  screens  indicated  that  melting  was 
most  extensive  where  the  H|Oj  flow  had  been  forced  inward  by  the  baffle 
ring. 


(3)  Best  Catalyst  Packs 

Catalyst  packs  AF-5  and  AF-6  (Figure  4  )  were  pre¬ 
pared  with  fewer  low-melting  screens  in  the  inlet  section  than  pecks 
AF-3  and  AF-4.  These  packs  resulted  in  the  best  performance  of  any 
of  the  initial  motor  screening  tests.  Basically  the  same  configurations 
were  found  to  give  the  best  results  in  the  high  -pressure-high  peck  loading 
teets  later  in  the  program. 
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Figure  7 


SCREENS  FROM  CATALYST  PACKS  AF-3 
AND  AF-4  AFTER  MOTOR  TESTS 


SCREENS  HAVE  BEEN  SEPARATED  TO  SHOW  THE 
PORTIONS  OF  THE  PACKS  THAT  MELTED 
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Catalyst  pack  AF-5  contained  pieces  of  40  mesh 
silver  catalyst  server.  ^ -  park  inlei.  This  pack  gave  a  clear  exhaust 
j  ,!,*  1 1 4  ii  i •  .» ..  ...ig  transients  are  shown  in  Table  XI  Because 

.}  tl; i  « t v  in  filling  the  fuel  lines,  good  transients  on  the  first  pulse 
'Utficult  to  measure.  Figure  8  shows  the  third  pulse  of  the  initial 
warm-up  sequence  for  the  AF-5  catalyst  pack.  Time  reads  from  right 
to  left  on  the  figure.  At  the  top  of  the  page  the  initiation  of  the  H202 
flow  is  indicated  by  the  valve  signal  and  the  valve  voltage,  which  designate 
the  instrumental  signal  to  open  the  valve  and  the  actual  response  of  the 
valve.  The  thrust  trace  is  shown  with  the  points  marked  where  the 
response  of  the  motor  reached  90%  of  maximum  thrust  at  startup  and 
where  decay  reached  10%  at  shutdown.  TLc  temperature,  inlet  pressure, 
and  chamber  pressure  traces  are  also  shown.  Chamber  pressure  and 
thrust  remained  steady  throughout  the  pulse. 

The  beginning  and  end  of  the  30  second  steady  state 
t**t  for  pack  AF-5  are  shown  in  Figure  9  .  The  notations  on  the  figure 
are  substantially  the  same  as  those  on  Figure  8  .  The  fuel  and  inlet 
pressure  readings  are  not  identical  because  of  pressure  drops  resulting 
from  valves  the  feed  lines. 

The  specific  impulse  realised  was  134.  3  sec  at  a 
chamber  pressure  of  295  psia,  which  was  96%  of  theoretical.  Figure  10 
•hows  «r*»cific  tmpu’see  of  tests  AF  -5  through  AF-10  and  indicates 
the  theoretical  values  by  the  dark  line  curve.  The  characteristic 
velocity  (C*)  for  pack  AF-5  averaged  3201  feet  per  second. 

Figure  1 1  shows  the  first  of  three  warm-up  pulses 
prior  to  the  first  six  cycle  run  on  pack  AF-5.  This  section  of  the  test 
procedure  occurred  after  the  300  cycle  run  and  the  30  second  steady-state 
test.  Figure  12  gives  the  first  two  cycles  of  the  second  six  cycle  run, 
which  concluded  the  test  program  for  pack  AF-5.  The  notations  on  these 
two  figures  are  the  same  as  those  described  previously.  The  actual  reduced 
data  for  these  tests  are  given  in  Table  XXV  in  the  Appendix. 

Figure  13  shows  the  internal  parts  of  pack  AF-5  after 
the  test.  From  the  left  appear  the  snap  ring  which  held  the  pack  in  the 
cartridge,  the  injection  plate,  and  an  anti-channel  baffle.  Next  appear 
the  40  mesh  silver  catalyst  screens  of  the  inlet  section  of  the  pack.  Following 
are  the  20  mesh, silver- 30%  palladium  catalyst  screens  alternated  with  20~ 
mesh  nickel-5%  manganese  filler  screene.  A  second  anti -channel  baffle 
ie  aleo  shown.  To  the  right  are  the  20  and  14  mesh  nickel-5%  manganese 
filler  screens  which  made  up  the  exhaust  section  of  the  pack.  The  retainer 
plate  which  held  the  exhaust  section  in  the  cartridge  appears  at  the  right 
end.  No  damage  of  the  screens  was  apparent 
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THIRD  WARM-UP  PULSE  WITH  98*  HaOa  USING  CATALYST  PACK  AF-5  IN  40#  P  UNIT 
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Tests  conducted  by  Walter  Kidde  Co. 


figure  10 

COMWR1SON  OF-  SPECIFIC  IMPULSE  REALIZED 
IN  TEST  RUNS  AF-5TOAF  II  WITH 
THEORETICAL  VALUES 


OAF-6 
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Figure  11 

INITIAL  SCREENING  TEST  AF-5 
FIRST  WARM-UP  PULSE  PRIOR 
TO  FIRST  SIX  CYCLE  TEST 
WITH  75 *F  FEED 

98.2%  HtOj  AND  40  POUND  THRUST  MOTOR 


Figure  12 

INITIAL  SCREENING  TEST  AF-5 
7iR5T  TWO  PULSES  OF  SECOND 
5LC  CTCLE  TEST  WITH  73 *F  FEED 
98,  Z%  HjOj  AND  40  POUND  THRUST  MOTOR 
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Figure  13 
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Catalyst  pack  AF-6  c  on  tains  d  3  places  of  40  math 
silver  catalyst  screes  alternated  with  20  mesh  nickel-5%  manganese 
screens  at  the  pack  islet.  The  initial  pulse  was  relatively  weak. 

Subsequent  pulses  were  strong  and  steady.  Figure  14  shows  the  third 
initial  warm-up  pulse  of  the  AF-6  catalyst  pack.  Following  are  the 
beginning  and  end  of  the  30  second  steady-state  test,  the  first  of  three 
warm-up  pulses  prior  to  the  first  six  cycle  run,  and  tee  first  two  cycles 
of  the  second  six  cycle  test  (Figures  IS,  16  ,  and  17. ).  All  AF-6  test 
traces  correspond  to  the  traces  given  for  AF-5  and  described  above. 

The  specific  impulse  realised  was  138.  4  sec.  at  a  chamber  pressure 
of  290  psia.  This  is  98%  of  the  theoretical  value.  The  characteristic 
velocity  (C*)  vras  3320. 

Figure  18  shows  the  internal  parts,  of  catalyst  pack 
AF-6  after  the  test  Details  similar  to  those  described  above  for 
Figure  13  are  shown.  No  evidence  of  screen  damage  was  apparent. 

Tests  on  packs  AF-5  and  AF-6  showed  that  tee 
silver  screens  in  the  inlet  of  the  pack  gave  sufficient  activity  to  insure 
a  dry  engine  start,  when  used  in  combination  with  the  silver-30%  palla¬ 
dium  alloy  screens  located  lower  in  tee  pack.  Both  the  performance 
data  and  inspection  of  the  packs  after  the  tests  confirmed  that  at  this 
fuel  temperature,  chamber  pressure  and  pack  loading  the  silver  screens 
were  not  damaged. 

The  effect  of  motor  operation  on  the  activity  of  selected 
screens  from  packs  AF-4,  5,  and  6  is  shown  in  Table  XHL  The  activity 
of  both  the  silver  and  silver -30%  palladium  alloy  screens  is  lower  after 
use  in  the  motor.  The  silver -30%  palladium  screens  ir  he  lower 
(hotter)  portion  of  the  bed  are  less  active  than  those  clt  ar  to  the  inlet. 

The  nickel-5%  manganese  screens  which  showed  essentially  no  activity 
bafore  the  motor  tests  showed  reasonably  high  activity  after  the  test, 
'especially  when  tested  with  50*  C  HjO,.  This  probably  represents  carry¬ 
over  of  active  catalyst  material  from  the  screens  above. 

(4)  Silver  Versus  Silver-5%  Palladium  Screens 

Catalyst  pack  AF-7  incorporated  silver-5%  palladium 
alloy  screens  in  the  cooler  inlet  section  of  the  pack.  No  silver  screens 
were  used.  The  first  pulse  resulted  in  a  misty  spray?  while  the  second 
pulse  provided  a  good  start.  The  specific  impulse  realised  was  136.  1  secs, 
or  95%  of  theoretical  at  a  chamber  pressure  of  302  psia.  The  characteristic 
velocity  was  3280.  This  data  shows  that  pack  AF-7  was  comparable  to 
AF-5  and  AF-6  in  general  performance.  However,  the  starting  behavior 
as  shown  in  Tables  XI  and  XII,  was  inferior  to  AF-5  and  AF-6.  This 
shows  the  greater  activity  which  silver  catalyst  screens  have  in  com¬ 
parison  to  tee  silver-5%  palladium  screens.  Nevertheless,  since  the 
general  performance  was  quite  good,  the  silver-5%  palladium  can  be  used 
in  motors  employing  programmed  starts  ( 10). 
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Figure  16 


INITIAL  SCREENING  TEST  AF-6 
FIRST  WARM-UP  PULSE  PRIOR 
TO  FIRST  SIX  CYCLE  TEST 
WITH  74*F  FEED 

9«.2%  H»Oj  AND  40  POUND  THRUST  MOTOR 
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Figure  17 


INITIAL  SCREENING  TEST  AF-6 
FIRST  TWO  PULSES  OF  SECOND 
SIX  CYCLE  TEST  WITH  74* F  FEED 


Time 


INTERNAL  ELEMENT  OF  CATALYST  RACK  AF-6 
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(5)  Short  Pack* 

Though  pack*  AF-5  through  AF-7  operated  quite  well* 
the  preesure  drop  acroea  the  pecks  was  between  170  and  200  psi.  This 
is  at  the  upper  limit  of  the  desired  range  and  partially  represents  a 
needless  loss  of  efficiency  in  motor  operation.  Therefore,  two  catalyst 
packs  were  designed  and  tested  to  attempt  to  lower  the  pressure  drop. 

The  pressure  drop  can  be  reduced  in  several  ways, 
all  of  which  amount  to  reducing  the  obstructions  to  the  flow  of  H202  and 
decomposition  products,  These  include  using  shorter  catalyst  packs 
and  decreasing  the  mesh  sise  (increasing  the  open  area)  of  the  screens 
in  the  pack.  Since  packs  AF-5  to  AP-7  all  contained  a  reasonable 
number  of  relatively  inactive  nickel-5%  manganese  screens  at  the 
exhaust  end  of  the  packs,  it  was  decided  to  shorten  the  packs  from 
1-3/4  to  1-1/4  inches  by  elimination  of  this  section.  In  order  to  do  this 
and  still  use  the  same  cartridge  as  for  previous  tests,  a  ring  spacer 
was  designed  to  fit  within  the  catalyst  pack,  the  spacer  took  up  the 
ore i sure  used  to  pack  the  screens  into  the  cartridge,  while  leaving  the 
central  area  free  from  interference  with  the  flow. 

Catalyst  packs  AF-8  and  AF-9  were  packed  as  shown 
in  Table  IX  and  tested  using  the  shorter  pack  length.  The  screen  con¬ 
figurations  were  choeen  to  correspond  roughly  with  thoss  of  packs 
AF-6  and  AF-5  * espectively.  In  each  case  one  baffle  was  inserted 
between  the  injection  plate  and  the  top  of  the  pack  and  a  second  baffle 
wae  placed  after  the  first  15  screens  of  the  pack. 

The  summarised  results  for  packs  AF-8  and  AF-9  are 
shown  in  Tables  XXVIII  and  XXIX.  The  starting  behavior,  ae  given  above  in 
Table  XII and  noted  in  the  Remarks  column  of  Tables  XXVH[  and  XXIX,  indicate 
that  these  packs  were  inferior  to  AF-5  and  AF-6.  The  specific  impulses 
achieved  were  only  90%  and  86%  of  theoretical,  respectively,  compared 
wity  96  to  98%  for  AF-5  and  AF-6.  Somewhat  lower  pressure  drops  were 
produced  for  AF-8  and  AF-9,  but  the  general  performance  was  low.  Later 
resulte  during  the  high  pressure-high  pack  loading  teete  indicated  that 
lower  preesure  drope  can  be  attained  without  impairing  performance 
by  a  combination  of  shorter  packs  with  larger  open  area  screens  in  both 
inlet  and  exhaust  sections  of  the  packs. 

(6)  Injection  Plate  Variation 

The  injection  plate  placed  at  the  inlet  end  of  the  catalyst 
pack  serves  both  to  hold  the  catalyet  screens  tightly  in  the  cartridge  and 
to  distribute  tbs  HxOj  flow  across  the  full  area  of  the  catalyst  pack.  The 
plate  r  ,ed  for  pecks  AF-1  to  AF-9  contained  19  holes  of  1/8  inch  diameter. 
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Examination  of  th*  first  few  screens  of  those  catalyst  packs  after 
motor  testing  showed  color  patterns  ind'catirg  the  H202  flow  that 
resalted  from  the  injection  plate.  The  patterns  suggested  that  the 
injection  plate  did  cause  uniform  flow  through  all  of  the  19  holes,  but 
that  the  parts  of  the  first  few  catalyst  screens  which  were  not  exposed 
by  the  holes  were  poorly  utilised.  Therefore,  an  injection  plate  con¬ 
taining  44  holes  of  about  1/32  inch  diameter  was  obtained.  This  plate 
has  only  about  6%  open  area  compared  to  about  39%  for  the  previous 
plate  discounting  the  area  blocked  by  the  baffle.  However,  it  was 
expected  that  the  increased  number  of  sites  where  H202  contacts  the 
highly  active  inlet  screens  would  provide  better  use  of  those  catalysts. 

Catalyst  pack  AF- 10,  as  shown  in  Table  IX,  was 
prepared  using  the  new  injection  plate.  The  screen  configuration  was 
chosen  to  match  that  of  pack  AF-S.  An  additional  number  of  inactive 
nickel-5%  manganese  screens  were  required  to  attain  the  required  packing 
pressure.  This  was  probably  the  result  of  re-use  of  the  silver-30% 
palladium  screens,  which  allowed  them  to  pack  more  tightly  the  second 
time.  The  silver-30%  palladium  screens  were  tested  before  re-use  and 
found  to  have  activities  of  10  ml.  /min.  or  better.  This  is  comparable 
to  the  activities  measured  for  silver-30%  palladium  screens  which  have 
run  successfully  in  packs  AF-5  to  AF-7. 

The  results  for  pack  AF-10  are  given  in  Tables  X  and 
XII  and  in  the  Appendix,  Tabla  XXX.  The  starting  response  of  the  pack  was 
poor.  This  can  be  traced  to  the  re-use  of  the  silver-30%  palladium 
screens,  which  do-  suffer  some  decrease  in  activity  upon  being  tested 
in  the  motor.  The  characteristic  exhaust  gas  velocity  (C+)  was  good 
but  the  specific  impulse  was  low. 

The  pressure  drop  across  the  catalyst  pack  (AP)  was 
about  the  same  as  that  for  AF-5,  though  the  additional  tiller  screens  in 
pack  AF-10  would  tend  to  increase  the  4P.  This  suggests  that  the 
liquid-gas  boundary  during  motor  operation  was  located  farther  from 
the  inlet  in  peck  AF-10  than  In  AF-5,  leaving  both  packs  with  approxi¬ 
mately  the  same  number  of  screens  in  the  gas  phase  where  most  of  the 
pressure  drop  occurs.  The  longer  liquid  phase  region  is  attributed  to  the 
increased  injection  velocity  which  resulted  from  the  smaller  open  area  of 
the  injection  plate  and  correspondingly  increased  pressure  drop  across 
the  plate.  Increased  injection  velocity  probably  resulted  in  greater  pene¬ 
tration  of  the  HjO*  feed  into  the  inlet  section  of  the  catalyst  peck  before 
high  percentage  decomposition  was  achieved.  This  indicates  that  the44 
holes  of  the  AF-10  injection  plate  should  be  drilled  out  at  least  until  the 
39%  open  area  of  previously  used  injection  plates  is  reached. 


59 

CONFIDENTIAL 


CONFIDENTIAL 


The  pressure  oscillations  observed  during  both  pulse 
and  steady-state  operation  may  also  have  been  connected  with  the  in¬ 
creased  injection  velocity,  if  preheating  and  then  sudden  decomposition 
of  the  HjOj  were  caused.  The  motor  operation  became  stable  after  ter 
seconds  of  the  steady-state  test,  suggesting  that  perhaps  the  flow  at  ‘hat 
point  became  sufficient  to  flood  the  inlet  region  of  the  catalyst  pack  and 
give  smooth  decomposition. 

(7)  Pellet  Catalyst  Pack 

The  configuration  of  the  pellet  catalyst  pack,  AF-11, 
has  been  given  in  Table  IX  and  shown  in  Figure  4  .  Pack  AF-11  also 
appears  in  Figure  19,  which  shows  the  sections  of  the  pellet  catalyst 
pack  AF-11  disassembled  for  inspection  after  firing.  The  snap  ring, 
inlet  plate,  and  retainer  plate  used  were  identical  to  those  used  in  teste 
with  the  screen  catalysts.  Eight  20  mesh  silver  screens  were  packed  in 
the  inlet  section  up  to  the  anti-channel  baffle.  The  pellets  are  shown 
packed  within  the  spacer  ring  to  prevent  crushing  of  the  pellets  when 
the  packing  pressure  was  applied.  The  compressed  set  of  nickel-5% 
manganese  filler  screens  was  in  the  exhaust  end  of  the  pack  just  up¬ 
stream  from  the  retainer  plate.  As  is  clear  in  the  figure,  the  pellets 
did  not  show  mechanical  breakdown.  Some  minor  patterns  can  be  seen 
in  the  top  layer  of  pellets.  These  patterns  were  caused  by  the  pressure 
of  neighboring  screens  which  was  not  sustained  by  the  spacer  ring  during 
pack  compression.  However,  the  damage  to  the  pellets  was  not  serious. 

The  results  for  pack  AF-11  (Table  X  )  showed  mixed 
performance.  The  starting  response  of  the  pack  (Table  XI|  was  poor 
and  the  specific  impulse  was  low.  However,  the  characteristic  exhaust 
velocity  (C*)  was  high  and  the  motor  operation  was  smooth.  Also,  the 
pressure  drop  across  the  pack  was  considerably  lower  than  for  the  packs 
composed  entirely  of  screens.  These  results,  together  with  tne  mechanical 
strength  exhibited  by  the  pellets,  suggest  that  further  studies  should  be 
made,  both  in  the  laboratory  and  in  motor  tests.  Laboratory  studies 
should  concentrate  on  increasing  the  activity  of  the  catalyst  to  improve 
the  starting  characteristics  of  the  pack.  Motor  tests  at  high  pressure  and 
high  pack  loading  are  required  to  demonstrate  the  structural  strength  of 
the  pellets  under  those  conditions. 
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DETAIL  OF  PELLET  CATALYST  PACK  AFTER  INITIAL  SCREENING  TEST  AF-11 
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CATALYST  THREE  LAYERS  FILLER  SCREENS 

SCREENS  OF  CATALYST 

PELLETS,  TOP 
LAYER  VISIBLE 
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ADVANCED  MOTOR  DEMONSTRATION  TESTS 


a.  High  Pressure-High  Pack  Loading  Testa  with  Ambient 

Temperature  98%  HzOj  Feed 

The  catalyst  packs  used  in  these  tests  were  the  configr 
oration*  of  silver -30%  palladium  catalysts  identical  to  AF-5  and  AF-6 
used  in  the  screening  program.  These  consisted  of  a  ahort  inlet 
section  of  silver  catalyst  screens,  followed  by  a  longer  section  of 
silver- 30%  palladium  catalyst  screens  and  an  exhaust  section  of  nickel- 
5%  manganese  filler  screens.  The  catalyst  packs  were  evaluated  under 
high  pressure  high  throughput  conditions  in  the  chamber  shown  in 
Figure  20, 

{ 1)  Test  Chamber  and  Chamber  Configuration 

The  Test  Chamber  (Figure  20)  was  fabricated 
from  three  inch  diameter  stock  of  stainless  steel  No.  347.  The  chamber 
contained  seven  thermocouple  ports  identified  in  the  picture  at  Tj 
through  Tt.  These  were  spaced  in  a  spiral  rotation  about  the  diameter 
of  the  chamber.  The  thermocouples  were  chrome  1-alumel  protected  by 
inconel  sheaths.  Two  additional  ports  numbered  Pi  and  Pz  appear  in 
the  exhaust  section  of  the  chamber  aEd  were  used  for  chamber  pressure 
measurements. 

The  catalyst  pack  and  associated  parts  were  held 
in  the  3/4"  diameter  hole  of  the  chamber  between  the  retainer  seat  and 
the  snap  ring.  Just  inside  the  snap  ring  were  two  or  more  spacer  rings. 
These  spacer  rings  served  to  allow  the  uee  of  various  Isngths  of  catalyst 
pack.  The  spacer  rings  were  1/  16"  in  thickness.  Directly  after  the 
spacer  ring*  5a  the  inlet  orifice,  followed  by  the  inlet  plate,  the  catalyst 
pack,  and  the  exhaust  retainer  plate.  Details  concerning  the  inlet 
orificiat,  the  inlet  and  retainer  plates,  and  the  exhaust  nosslea  are  shown 
id  Figures  21  through  23. 

Six  different  orificies  were  used  in  the  test  program. 
These  are  indicated  in  Figure  21.  The  first  of  these,  type  A,  was  of 
the  straight-through  center-hole  variety.  The  remaining  five  contained  a 
number  of  holes  of  different  diameters  and  located  in  different  patterns. 


Figure  20 

TEST  CHAMBER  FOR  HIGH  PRESSURE -HIGH  PACK  LOADING  TESTS 
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Pattern 


centered 
6  on  7/16"  H.C 
A  on  3/16"  H.C 
1  centered 
8  on  7/16"  H.C 
4  on  3/16"  H.C 
1  centered 
6  on  7/16"H.C. 
3  on  1A"  H.C. 
1  centered 
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6  on  7/16"  H.C 
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INLET  and  RETAJM0*  PLATES  FOR  HIGH  PRESSURE-HISH  LOAOMS 
TESTS  WITH  V  DIAMETER  CHAMBER 

y 

8  HOLES  */#"  DIAMETER  ON  V  RC. 

4  HOLES  DIAMETER  ON  Afc"  RC. 

INLET  PLATE 

6  HOLES  *32"  DIAMETER  ON  V  RC. 

I  HOLE  <4*  DIAMETER  CENTERED 

HOLES  DIAMETER  ON  Vfe"  RC. 

HOLE  DIAMETER  CENTERED 

INCONEL 

EXHAUST  PLATES 
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Figure  22  shows  the  inlet  and  retainer  plates  used 
in  the  test.  Ail  plates  were  1/8"  in  thickness.  The  failure  of  exhaust 
plates  made  from  347  stainless  steel  necessitated  the  fabrication  of  an 
exhaust  plate  made  from  inconel  as  shown  at  the  very  bottom.  The 
inconel  plate  was  used  in  the  last  half  of  the  high  pressure  high-loading 
tests. 


Details  for  the  exhaust  nossles  are  shown  in 
Figure  23.  All  were  constructed  from  347  stainless  steel.  A  tube  nut 
was  employed  to  hold  the  nossles  to  the  test  chamber. 

(2)  Catalyst  Packing 

For  each  test  the  catalyst  screens  were  handpacked 
in  the  chamber  and  then  compressed  with  the  hydraulic  bench  press  to 
4000  psi.  The  first  step  of  the  packing  operation  was  to  locate  the  exhaust 
retainer  plate  at  the  bottom  of  the  3/4"  diameter  hole  in  the  test  chamber, 
making  certain  that  the  retainer  plate  lay  flush  against  tha  retainer  seat. 

As  in  the  initial  screening  tests,  the  screens  were  then  placed  individually 
into  the  chamber.  Each  screen  was  rotated  somewhat  from  the  position 
of  the  previous  screen  to  provide  an  even  distribution  of  catalyst 
throughout  the  pack.  After  1/3  of  the  catalyst  screens  had  been  loaded 
into  the  chamber,  a  3/4"  diameter  packing  ram  was  inserted  into  the 
inlet  end  of  the  chamber  and  the  screens  were  compressed  on  the  bench 
press  to  4000  psi.  The  pack  was  again  compressed  after  2/3  of  the 
catalyst  screens  had  been  packed  into  the  chamber.  After  all  the  screens 
had  been  packed,  the  anti-channel  baffle,  inlet  plate,  inlet  orifice,  spacers 
and  snap  ring  were  inserted  above  the  catalyst  pack.  A  1/2"  diameter 
packing  ram  was  used  for  the  final  compression.  It  passed  inside  the 
snap  ring  and  spacer  rings  and  bore  upon  the  inlet  orifice.  After  4000 
psi  compression  was  exerted  upon  the  plates,  catalyst  pack  and  orifice, 
the  snap  ring  wa*  seated  in  a  groove  in  the  upper  inlet  part  of  chamber. 

The  choice  and  arrangement  of  test  chamber  config¬ 
uration,  including  catalyst  pack,  retainer  plates,  baffles,  orifices,  and 
ring  spacers  varied  somewhat  from  test  to  test.  Depending  on  the 
length  of  the  pack  used  and  its  desired  location  along  the  length  of  the 
chamber  different  ring  spacers  located  in  different  positions  were  required. 
Additional  ba.  lee  were  also  included  for  some  of  the  tests. 

(3)  Catalyst  Pack  Configurations 

The  basic  catalyst  pack  configurations  used  in 
these  teste  are  shown  In  Figure  24.  Each  catalyst  pack  loaded  into  the 
test  chamber  was  given  a  number  from  AF-A1  through  AF-A10.  The  tests 
on  each  catalyst  pack  arc  indicated  by  numbers  in  parun+heses  following 
the  pack  number.  In  so ouj  cases,  minor  changes  were  made  in  the 
catalyst  pack  without  changing  the  basic  catalyst  pack  number. 
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Figure  24 
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Note;  Ant i. channel  baffle  ring  was  placed  after  the  first  14  screens  In  each  peck 
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Catalyst  packs  AT- A1  ud  AT- AS  thru  AF-A7 
arc  act  shown  in  tit*  figure  since  they  arc  roughly  identical  to  the  packs 
shown.  However,  a  complete  listing  of  the  catalyst  pack  configurations 
appears,  in  Table  XIV.  In  the  table*  column  six  indicates  the  minor 
changes  made  in  the  catalyst  packs  and  also  the  source  of  screen#  which 
were  re-used*  particularly  toward  the  end  of  the  program.  Column  seven 
indicates  the  compression  applied  in  order  to  pack  the  catalyst  into  the 
test  chamber.  Column  eight  shows  where  inlet  spacers  were  added  to  the 
inlet  region  of  the  catalyst  chambsr  to  take  up  extra  space  which  is 
commonly  left  after  a  pack  has  been  tested.  Column  ten  indicates  the 
distance  from  the  first  screen  of  the  catalyst  pack  to  the  retainer  seat 
of  the  chamber.  This  is  not  identical  with  the  pack  length  since  spacer 
rings  were  often  placed  beneath  the  catalyst  pack  in  order  to  locate  the  pack 
properly  with  respect  to  the  thermocouple  port  openings. 

(4)  Test  System 

The  high  pressure  test  chamber  was  mounted  on 
a  teet  stand  as  shown  from  two  different  views  in  Figures  25  and  26. 

A  schematic  of  the  test  system  is  shown  in  Figure  27.  The  water  jacketed 
15  gallon  storage  tank  contained  the  98%  H202  for  the  test.  Sheathed 
copper-constantine  thermocouples  entered  the  tank  at  the  top  and  bottom 
so  temperatures  of  both  the  liquid  and  vapor  could  be  monitored.  A  line 
for  high  pressure  N2  gas  entered  the  top  of  the  tank  through  a  lOp  filter 
Fuel  pressure  could  be  regulated  by  adjusting  the  N2  pressure.  The  tank 
was  equipped  with  a  pressure  relief  valve  at  the  top  and  an  emergency 
dump  valve  at  the  bottom.  A  steam  line*  which  coiled  inside  the  water 
jacket  but  did  not  contact  the  H202-containing  wall  directly,  allowed  thy 
H202  to  be  safely  heated  in  the  storage  tank. 

Prior  to  the  test*  the  nitrogen  gas  line  was  removed 
and  the  storage  tank  filled  with  98%  H202  through  the  same  tank  port.  The 
H202  was  filtered  through  a  different  lOp  filter  than  the  nitrogen  filter 
shown  on  the  schematic.  Nitrogen  pressure  was  required  to  ‘.ores  the 
H^i  through  the  filter.  IXiring  tank  filling*  the  fill  vent  val^e  was  opened. 

During  a  test,  the  H2Oa  was  allowed  to  flow  through 
the  test  chamber  by  opening  the  two  propellant  valves.  P\  *ssure  trans¬ 
ducers  measured  the  inlet  and  chamber  preseuree.  Flow  was  monitored 
by  the  pottermeter.  The  outputs  of  the  transducers*  pe^ermater*  and 
thermocouples  were  recorded  on  an  oscillograph  recorder. 

A  chsck  valve  was  Included  ir  the  H|02  feed  line  to 
prevent  any  possible  malfunction  at  the  test  chamb  er  from  lending  con¬ 
taminants  back  to  the  H]0|  storage  tank. 

After  each  test  the  test  chamber  was  purged  with  nitrogen 
This  served  both  to  cool  the  chamber  and  to  dry  any  moisture  remaining  in  the 
eataiyst  pack  or  teat  chamber. 
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Figure  25 


Pt  =  CHAMBER  PRESSURE  TRANSDUCER , 
CHAMBER  PRESSURE  TRANSDUCER} 
Px= INLET  PRESSURE  TRANSDUCER  1 
T.C.  =  TEST  CHAMBER 
P,V.  =  PROPELLANT  VALVE 
P.S.V,  =  PROPELLANT  STAND  valve 
F.M,  =  FLOW  METER 
P.T,  =  H2O2  TANK 
N?  =  NITROGEN  PURGE 


HIGH  PRESSURE  TEST  STAND 


AT  WALTER  KIDDE  COMPANY 
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Pr=  INLET  PRESSURE  TRANSDUCER 
T.C. a  TEST  CHAMBER 
P.S.V.  =  PROPELLANT  STAND  VALVE 
N2=  NITROGEN  PURGE 
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Figure  27 

SCHEMATIC  Of  HIGH  PRESSURE  TEST  SYSTEM 
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The  emergency  damp  line  end  the  drain  valve  both 
emptied  to  a  drain.  A  large  water  How  was  kept  running  into  the  drain 
during  the  terte  and  upon  emptying  the  storage  tank  at  the  conclusion  of 
testing  on  any  one  day.  TM  ■  provided  for  dilution  of  discarded  HjO*. 

As  a  safety  precaution.  HjOj  was  not  left  in  the  storage  tank  overnight. 

(5)  Teet  Procedure 

The  tests  were  conducted  using  FhfC  supplied  98% 
HjOa  which  was  filtered  to  10  microns  prior  to  introduction  into  the  test 
system.  The  pressurant  used  was  nitrogen  gas.  per  MLL-BB-N-41  IB, 
Grade  B,  type  1,  class  1  filtered  to  10  microns  prior  to  introduction  into 
the  test  system. 


The  tests  were  performed  in  the  following  manner: 

The  feed  pressure  was  set  between  200  and  400  psig.  The  propellant  feed 
valve  was  manually  actuated  to  fire  the  test  chamber  three  times  at 
approximately  200  msec  on  and  2  seconds  off. 

Thf  test  chamber  was  then  fired  steady-state  at  a 
fuel  pressure  between  200  and  400  psig.  After  the  chamber  was  started,  the 
feed  pressure  was  immediately  increased  to  its  maximum  setting  between 
1000  and  2000  psig.  These  settings  were  determined  approximately  with 
Bourdon  tube  pressure  gages.  Bach  test  was  run  for  a  minimum  of  30 
seconds  with  the  exception  of  tests  numbered  AF-A8  (1,5  and  6)  and  AF- 
A1Q(3)  which  were  terminated  due  to  instability.  At  the  conclusion  of  the 
test,  the  motor  was  purged  with  nitrogen  to  remove  remaining  traces 
of  water. 


All  tests  were  recorded  on  an  oscillograph  at  a 
paper  speed  of  8-10  in/ sec.  The  following  parameters  were  recorded: 


Parameter 

Chamber  pressure 
Inlet  Pressure 
Propellant  Tank  Pressure 
Inlet  Temperature 
Catalyst  Bed  Temperatures 
Exhaust  Temperature 
Propellant  Flow 


0  -  2000  psia 
0  -  2000  psia 
0  -  2000  psia 
50  *F  -  J50 *F 
70*F  -  2400 *F 
70*F  -  2400-F 
0  -  1.  5  E>/ sec. 


An  electrical  calibration  wae  taken  and  recorded 
prior  to  running  the  test  and  at  the  completion  of  each  test.  This  calibration 
served  to  indicate  any  change  in  the  electrical  characteristics  of  the 
recording  system  during  the  test.  The  pressure  transducers  were 


MHfteanuu. 


calibrated  within  ?A  hour*  of  the  beginning  of  the  test  agaiaat  a  standard, 
high  accuracy  Bourdon  gags  rasa rved  for  calibration.  Thermocouples 
for  temperature  measurement*  were  calibrated  with  a  potentiometer. 

(6)  PjAiults  of  the  Tests 

A  general  etunmary  of  the  results  of  these  tests 
is  given  In  Table  XV  and  complete  data  are  shown  in  the  appettdex  Tables 
XXXZZ  -  LEU  .  Column  three  of  the  table  gives  data  on  the  inlet  orifices. 

The  orifice  type  refers  to  that  shown  previously  in  Figure  21.  The  other 
orifice  data  concerns  the  number  of  holes  and  the  sise  of  each  hole  in  the 
orifice.  The  remaining  columns  (other  than  the  observations  at  the 
extreme  right)  concern  data  for  the  point  of  maximum  loading  during  the 
test.  For  example,  the  first  column  gives  the  number  of  seconds  into 
the  test  at  which  maximum  loading  occurred. 

A  progression  of  improvements  were  produced 
daring  the  test  series.  These  involved  Interrelated  factors  which 
reduced  the  pressure  drop  across  the  catalyst  pack,  increased  the  through¬ 
put,  and  achieved  C*  values  at  high  percentages  of  theoretical  Table  XVI 
shows  progress  achieved  in  reduction  of  the  pressure  drop.  In  the 
second  column  are  the  pressure  drops  across  the  catalyst  pack  recorded 
when  the  throughput  reached  its  maximum  during  the  test,  as  shown  in 
the  third  column.  The  throughputs  are  given  in  pounds  per  square  inch 
frontal  area  of  the  catalyst  chamber  per  minute. 

Catalyst  packs  containing  both  silver  and  silver-30% 
palladium  or  only  silver-30%  palladium  catalyst  screens  were  successfully 
tested  with  50  to  140  VF  HjOt  feed  and  loading  rates  through  HO  PSXM. 

Packs  as  short  as  7/ 8"  operated  effectively  with  programed  starts.  Data 
generated  gave  information  dust  could  prove  useful  in  the  design  of  screen- 
type  catalyst  packs  for  use  with  98%  HaO|, 

(a)  Pack  Compression 

The  first  two  catalyst  packs  evaluated  showed 
the  effect  of  pack  compression  on  motor  operation.  Pack  AF-A1  was 
inadvertantly  compressed  to  approximately  9000  psL  lids  resulted  in 
a  very  high  pressure  drop  across  the  pack  and  correspondingly  large  ^ 
pressure  oscillations*  Pack  AJF-A2  was  compressed  at  the  customary 
4000  psi  level  and  smooth  performance  waa  achieved. 

Daring  motor  operation  additional  compression 
is  produced.  The  catalyst  screens  expand  tee  to  the  high  decomposition 
t§sssft#r  stores  { i?4d-liO0*F).  This  expansion  causes  the  pack  to  be 


AF-AlO(l)  170  80  Lower  catalyst  activity  moving 

liquid  front  toward  exhaust 
and  shorter  pack  length 


(Tabl#  3CV;e  Tli«r«aitar  car®  wu  exacted  to  allow  1/32  to  1/  16”  slack  ia 
loading  Into  the  chamber  ary  pack  which  had  previously  been  compressed 
to  4000  pel  and  had  not  since  bees  separated  into  loose  icreea*.  No  further 
large  pressure-drop  Increases  were  noted  for  packs  AF~A9{8)  or  AF-A10. 
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pack.  Progressive  substitution  from  pack  AF-A2  to  AF-A4  produced 
successively  lower  pressure  drop*  (Figure  29)  and  at  the  same  time  led 
to  improved  performance.  The  sise  of  the  pressure  drop  reduction  was 
lee*  from  AF-A3  to  AF-A4  than  from  AF-A2  to  AF- A3,  indicating  that 
the  limit  of  this  substitution  was  being  approached.  While  some  further 
redaction  might  be  possible  by  other  means,  the  use  of  silver-30% 
palladium  catalyst  screens  with  lower  mesh  sis*  (mo re  open  area)  than 
20  meek  sssme  tobe  warranted 

(c)  Silver:  Silver -30%  Palladium  versus 
All  Silver -30%  Palladium  Pack  Con¬ 
figurations 

The  silver  catalyst  screen  ie  known  to  have 
better  catalytic  activity  than  the  silver-30%  palladium  catalyst.  There¬ 
fore,  a  short  lectio*  of  silver  screens  was  used  at  the  inlet  end  of  most 
of  the  catalyst  packs  tasted  in  this  program.  However,  due  to  the 
increased  catalytic  activity  concentrated  at  the  front  of  such  packs,  the 
liquid  front  during  motor  operation  remains  nearer  the  inlet  than  for 
packs  containing  only  silver-30%  palladium  catalysts  screens.  This 
effect  can  be  seen  in  the  temperature  profiles  shown  in  Figure  30  for 
packs  AF-A9(8)  (containing  silver  and  silver-30%  palladium  catalyst 
screens)  and  AF-A10(1)  (containing  only  silver-30%  palladium  catalyst 
screens). 


The  pressure  drop  of  a  catalyst  pack  depends 
in  large  measure  on  the  length  of  pack  which  the  decomposition  gases  mast 
pass  through.  Thus,  if  ths  liquid  front  is  located  farther  from  the  inlet, 
the  gas  phass  region  is  comparatively  shorter  and  the  pressure  drop 
lower  (for  constant  length  packs).  For  this  reason  the  pressure  drop 
of  pack  AF-A8 (3)  (containing  silver-30%  palladium  but  no  silver)  was 
lower  than  AF-A4  (silver-30%  palladium  and  silver)  and  AF-A10  (only 
silver-30%  palladium)was  lower  than  AF-A9(8)  (silver-30%  palladium  and 
silver). 


(d)  Pack  Length 

The  pressure  drop  wae  also  reduced  by 
decreasing  the  length  of  the  catalyst  pack.  Since  the  temperature  measure¬ 
ments  consistently  showed  that  nearly  complete  HjOj  decomposition 
(~1740*F)  was  reached  well  before  the  end  of  the  catalyst  pack,  two 
significantly  shorter  packs  ware  tested.  Ths  Erst,  AF  -  A9<  C),  was 
prepared  from  AF-A9( 7)  by  removing  33  of  the  38  nickel- 5%  maganese 
filler  screens  from  ths  exhaust  end  of  the  pack.  This  left  a  pack  IS/  ib" 
long,  which  showed  an  improvement  over  previously  evaluated  longer 
packs  (AF-A9(5)  and  AF-A4<  1),  ths  pressure  drop  being  approximately 
400  psi  at  1500  psia  chamber  pressure  and  100  PSDrf  throughput. 
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The  temperature  profile*  for  teat*  AF-A4<1), 
AF-A9(5),  and  AF-A9f8)  are  given  in  Figure  31.  Good  r eproducibility  waa 
exhibited  for  teet*  AF-A4(li)  and  AF-A9<5)  which  uaed  identical  catalyst 
configuration*.  The  figure  aiao  Indicate#  that  the  temperature  profile*  and 
dm*  the  location  of  the  liquid  front  waa  not  affected  by  the  shortening  of 
pack  AF-A9(8). 


Pack  AF-A10{  1)  waa  7/8*'  in  length.  Thi* 
pack  contained  47  silver-30%  palladium  cataly at  acreena  and  7  nickel- 5% 
manganeae  filler  acreena.  No  20  mesh  silver  catalyst  acreena  were 
employed.  The  pack  produced  an  even  lower  pressure  drop,  ~  170  pal 
80  PSIM  and  1206  paia  chamber  pressure,  versus  ~408  pai  at  84  PSIM 
and  1506  paia  chamber  pressure  for  Pack  AF-A8.  These  two  packa  were 
similar  in  that  they  did  not  contain  silver  screens. 

Figure  32  shows  the  pressure  drop  reduction* 
realised  by  shortening  the  ailver-and  non- rilver -containing  packa.  The 
value*  for  pack  AF-A8(3)  are  probably  high  due  to  additional  pack  compression 
as  discussed  in  section  (a)  (Pack  Compression)  above.  In  view  of  the  temp¬ 
erature  profiles  for  packs  AF -A9{8)  (Figure  31)  and  AF-A10(1)  (Figure  30) 
a  further  reduction  of  pack  length  and  corresponding  decrease  in  pressure 
drop  may  be  possible. 

The  liquid  front  of  pack  AF-A9(8)  containing 
both  silver  and  silver-30%  palladium  catalyst  screens  was  shown  to  be 
nearer  the  inlet  that  in  a  similar  langth,  all  silver-30%  palladium  pack 
(AF-A10)  (see  section  (c)  above).  Therefore,  it  is  likely  that  the  length 
of  AF-A9(8)  could  be  decreased  proportionately  more  than  AF-A10.  Thi# 
could  lead  to  nearly  equal  pressure  drops  for  the  two  packs,  j 

(e)  Alternation  of  Catalyst  and  Filler!  Screens 

In  catalyst  pack  AF-A1  the  silvers- 30% 
palladium  catalyst  screens  were  alternated  with  nickel- 5%  manganese 
filler  screens.  This  packing  arrangement  was  not  used  in  later  packs 
because  maximum  concentration  of  catalytic  surface  toward  the  inlet 
end  of  the  pack  was  desired.  There  was  no  indication  of  screen  matting 
problem*  except  in  those  cases  where  the  pack  was  tightened  after  each 
test.  Alternation  of  the  silver  and  silver-30%  palladium  screen*  with 
inert  screens  ha*  been  recommended  for  packs  of  greater  than  one  inch 
in  diameter  to  increase  their  structural  strength.  Thi*  alternation  is 
*  eently  giving  satisfactory  results  in  high  pressure  (4000  psi)  tests 
tender  AT  Contract  AF04<6 11)  10785(10). 
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Figure  33. 
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program  bchUM  a  anaAcr  ol  eotnlrtka  teats  whose  paapaee  wu 
to  prodiua  data  lor  design  of  rocket  motors  and  Mtar  applioatioM  #1 
the  catalyst  pack.  Those  correlation  data  tests  wets  srlgtasllf  ptaa*e4 
to  be  ms  at  low  pack  loading  rates  of  20  to  40  Pt&L  Hsstfst,  tfee  tests 
st  these  flow  rates  were  consistently  disrupted  tfeecilkbSM  is  As  chamber 
sad  inlet  pressure.  As  indicated  previously,  sees*  s sols'  data  Wes 
accumulated  at  low  loading  rates  lor  pack  AF-A4,  tests  3  te  •  •  Meverthe- 


less,  the  oscillations  wsrs  often  severe  and  ess  Id  net  be  rsmpUfsTy 

eliminated.  High  pack  loading  tests  were  net  aflectedL 


A  number  of  changes  were  made  In  the  test 

chamber  configuration  to  try  to  control  or  eliminate  As  oec illations.  The 
first  three  AF -A4  tests  (3  to  5)  at  low  loadiag  produced  oscillations  et 
the  start  which  decreased  to  smooth  operation  for  the  latter  part  of  the 
test.  This  tendency  to  smooth  out  as  the  flow  increased  was  not  continued 
in  test  AF-A4{6).  Since  AF-A4  tests  1  and  2  had  been  smooth  at  high 
loading  rates,  a  larger  diameter  nossle  was  used  for  AF-A4  test  7,  but 
without  improvement.  An  inlet  orifice  with  %  pressure  drop  of  70-80  psi 
at  100  PSIM  was  tried  in  test  AF-A4(8).  Next  the  void  space  between  the 
inlet  orifice  and  the  front  of  the  catalyst  pack  was  eliminated  for  test  . 
AF-A4{9).  Thus  the  lower  ri^a  of  the  orifice  was  cut  off  and  it  was  set 
directly  on  the  pack  without  an  inlet  plate  in  between. 

After  the  above  changes  had  been  tried  without 
success,  test  AF -A4{10)  was  run  with  the  original  70-80  psi  inlet  orifice 
and  exhaust  nossle  combination,  and  the  smooth  operation  of  tests  AF-A4 
( 1  and  2)  was  reproduced.  This  result  indicated  that  the  oscillations  were 
not  due  to  a  progressive  deterioration  of  the  catalytic  activity  of  tha 
catalyst  pack. 

Additional  modifications  of  the  test 

chamber  configuration  were  tested  as  remedies  for  the  low  loading,  pres¬ 
sure  oscillations.  Pack  AF-A6  showed  that  lengthening  the  pack  was  not 
beneficial.  Very  tight  baffles  before  and  after  the  inlet  orifice  and  within 
the  catalyst  pack  were  used  in  tests  with  Pack  AF-A8  and  all  subsequent 
packs  and  proved  unrewarding.  For  test  AF-A9(2)  the  catalyst  pack  was 
located  just  after  the  snap  ring  at  the  vary  inlet  end  of  th*  chamber.  This 
was  done  to  test  the  suggestion  that  incoming  HjOj  was  heated  by  carry¬ 
back  of  beet  from  lower  in  the  chamber,  and  thus  premature  decomposition 
and  oscillations  were  produced.  This  also  failed  to  correct  the  problem. 
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otomsmam. 


I»  test  4  with  Pack  AV-AI  lk«  <Mw»Kwy»> 
povti  7|  to  T*  wore  completely  covered  by  a  sleeve  to  sHmtaate  say 
pssiftle  ergaag ripe  effect  of  the  void  spaces.  Lastly,  the  islet  orifice  «m 
rsmorsd  lor  teat  AI*-A0(5h  leaving  only  the  islet  plate  before  dee  catalyst 
park.  Stone  ef  dusts  various  change#  were  effective  is  eliminating  the 
frsffflsHms  The  ssclllatlons  were  uniformly  of  low  frs<[uescies,  betwoos 
49  aad  170  cycles  per  second.  High  amplitudes  of  tho  order  of  900  psi 
eat  e 4  a  poseible  1909  were  eometimes  reached. 

As  the  gas  goserator  used  is  these  tests 
was  designed  far  5000  psi  service  asd  required  ease  of  catalyst  removal, 
the  chamber  islet  configuration  wae  sot  optimum.  The  variable  flow 
operation  limited  the  desirability  of  using  a  cavitattsg  venturi.  Trim 
orificss  were  employed  and  proved  beneficial  is  the  high  flow  teats. 

(g)  Best  Catalyst  Packs 

Figure  33  shows  the  best  two  catalyst  packs 
tested  during  die  program.  Pack  AF-A9(8)  reached  %  maximum  throughput 
of  101  PSIM,  chamber  pressure  of  1506  psia,  and  pressure  drop  of  404  pel. 
Pack  AT- A10(l>  shewed  a  pressure  drop  of  only  170  psi  at  80  PSIM  through¬ 
put  1206  psla  chamber  pressure.  The  figure  shows  the  chamber 
configuration  parts  is  order  from  the  islet  os  the  left  to  tho  exhaust  at  the 
right,  with  pack  AY-A10  inserted  at  the  proper  location.  The  holes  where 
the  thermocouples  were  inserted  to  the  center  of  the  packs  appear  in  the 
picture.  A  more  detailed  end  enlarged  view  of  pack  AF -A9(9)  appears  in 
Figure  H  Alii  apparent  in  the  figures,  no  visible  damage  was  suffered 
by  either  pack  daring  the  teste. 

Figure  35  shows  the  smooth  steady  stats 
operation  of  Pack  AF-A9<8)  at  101  PSIM  loading,  1506  psia  chamber 
pressure,  aad  99. 2%  C *,  Xu  the  figure  Pc»  end  Pc*  are  the  chandler 
pressure  traces  aad  T^  T*,  and  Ty  are  the  temperature  readings  from 
the  thermocouples.  The  positions  of  the  various  truces  were  a  function 
of  the  selection  of  deflection  range  for  each  input,  aad  so  do  net  appear 
to  indicate  their  actual  relative  values. 

Figure  36  shows  th#  start  of  tost  AF-A10<  1). 
Of  particular  interest  Is  the  rapid  rise  in  temperature  to  steady  state  values 
shown  by  thermocouple  traces  Tj,  7*  usd  Ty.  The  Ty  reading  is  actually 
bighee  than  T*  thsugh  the  apposite  appears  true  on  the  trace  doe  to  scaling 
factors.  Pc*  and  Peg  are  again  the  chamber  pressure  values. 

(k)  Value  of  Temperature  Measurements 

Perhaps  toe  most  important  measurements 
made  during  these  tests  were  the  temperature#  determined  for  various 
locations  within  the  catalyst  pack.  The  effect  of  various  alterations  to  the 
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Figure  34 
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Figure  35 

HIGH  PRESSURE-HIGH  PACK  LOADING  TEST  WITH  98*.  HjOj 
TEST  AF-A9(8),  STEADY  STATE  AT  10  SECONDS 
3/4"  DIAMETER  TEST  CHAMBER  AND  56 *F  FEED 
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Figure  36 

HIGH  PRESSURE-HIGH  PACK  LOADING  TEST  WITH  98?.  H2Oz 
TEST  AF-A10{1),  START  OF  STEADY-STATE 
AFTER  THREE  WARM-UP  CYCLES 
3/4"  DIAMETER  TEST  CHAMBER  AND  54*F  FEED 
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catalyst  pack  wu  indicated  clearly  when  temperature  value  e  were 
need  in  conjunction  with  the  ulual  information  concerning  pressure 
and  flowrate*. 

Temperature  changes  were  especially 
valuable  in  showing  the  reduced  catalytic  activity  which  resulted  when 
20  mesh  rather  than  40  mesh  silver  screens  were  us«>d  in  the  inlet 
section  of  the  catalyst  pack  and  when  no  silver  screens  at  all  were  used 
in  the  pack.  The  temperatures  also  indicated  that  removing  14  mesh 
nickel  manganese  screens  from  the  exhaust  section  of  the  pack  did  not 
change  the  operation  of  the  remainder  of  the  pack.  These  points  have 
been  discussed  in  detail  in  previous  parts  of  the  report. 

A  typical  example  of  the  use  of  temperature 
data  is  given  in  Figure  37 ,  The  figure  shows  the  temperature  shifts 
which  occurred  3/8"  from  the  inlet  end  of  the  catalyst  pack  as  the 
throughput  was  increased.  Thus  the  movement  of  the  liquid  front  is 
clearly  indicated.  Also  its  location  within  the  catalyst  pack  has  been 
determined  for  a  particular  small  range  of  pack  loadings.  Data  are 
given  for  three  tests  on  the  same  catalyst  pack  with  differenct  diameter 
exhaust  orifices.  The  temperature  change  at  3/4"  into  the  pack  for  one 
of  the  tests  is  also  given  in  the  figure.  This  shows  the  rather  constant 
temperatures  obtained  for  those  parts  of  the  pack  which  remained 
continuously  in  the  gas  phase. 

The  temperature  measurements  were  also 
used  in  evaluating  the  tests  with  heated  HjOj  feed.  The  movement  of  the 
liquid  front  toward  the  inlet  can  again  be  determined.  In  that  case, 
however,  the  movement  results  from  increased  feed  temperature 
rather  than  changes  of  pack  loading.  Further  discussion  of  that  test 
appears  in  section  b,  page  95. 

(i)  Catalyst  Life  and  Erosion 

The  changes  in  weight  and  catalytic  activity 
which  resulted  from  extended  testing  of  the  catalyst  have  been  measured 
and  evaluated.  The  results  of  these  studies  for  the  high  pressure-high 
pack  loading  tests,  heated  HjOg  feed  tests,  and  low  temperature  tests  have 
been  reported  in  the  life  Tests  section  (page  104). 

b.  Hi;!,  Pressure-High  Pack  Loading  Tests  with  Elevated 
Temperature  98%  H|Oj  Fes d. 

These  testa  were  planned  to  evaluate  the  effect  of  heated 
98%  HjOj  upon  the  silver-30%  palladium  catalyst  at  high  pack  loading 
rates  and  pressures  simulating  the  startup  conditions  of  a  rocket  engine' 
regene ratively  cooled  with  93%  HjOj.  The  tests  were  carried  out  using 
the  same  test  chamber  as  that  employed  for  the  high  pressure-high  pack 

92 

CONFIDENTIAL 
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ku^ttng  teats.  with  ambient  tamper ature  HjOt  f«*i  The  catalyst  packs 
tested  ware  AF-A4  {Test  it)  AT -A10  (Taat  2).  The  screen  configur- 

atkm  (ipabla  XIV>,  chamber  configuration  (Tabic  XV),  and  taat  results 
(Tabic  XV)  have  been  tabulated  aad  described  car  lie  7  in  this  report. 

The  test  system  was  also  the  same  as  that  used  previously  and  is  shown 
in  Figure  25,  26,  and  27  and  described  in  the  text  on  page  69, 

(1)  Test  Procedure 

The  two  high  pressure-high  pack  loading  tests  with 
heated  98%  H202  feed  used  the  same  test  procedure  and  recording  of  test 
data  as  reported  on  page  74  ,  with  taro  modifications.  Two  modifications 
involved  the  heating  of  the  HgOa  before  the  test  aad  the  cooling  of  the  H2Oa 
after  the  completion,  of  the  test. 

first  the  nitrogen  gas  prsssurs  above  the  H202  in 
the  feed  tank  was  increased  to  200-400  psi.  Then  the  cte&m  flow  through 
a  coil  within  the  water  jacket  around  the  HjOj  storage  tank  was  turned  on 
to  raise  the  HgOj  temperature.  Over  a  period  of  one  hour,  the  steam  was 
turned  on  for  eeveral  periods  of  10  to  30  seconds  to  heat  the  H202  to  160- 170*  F. 
The  liquid  and  vapor  temperatures  in  tbs  HjO»  tank  and  the  water  temper¬ 
ature  in  the  jacket  were  carefully  monitored  as  the  HjOa  temperature  was 
increased.  A  check  was  also  maintained  on  the  nitrogen  pressure  in 
the  HjO]  tank,  since  HjOj  decomposition  from  non-passive  sites  within 
the  tank  would  cause  an  abnormal  rise  in  the  pressure  above  the  H202. 

At  the  conclusion  of  ths  test,  nitrogen  pressure 
over  the  H20*  in  the  tank  was  maintained  at  200-400  psi  while  tank 
and  Ha.02  temperatur  was  reduced  by  flowing  cold  water  through  the 
water  jacket  around  the  tank. 

(2)  Results  of  the  Tosts 

Test  AF-A4(11)  was  conducted  with  elevated  temper¬ 
ature  98%  H202  feed  in  the  neighborhood  of  150*F.  Smooth  operation  was 
.achieved  for  most  of  the  test.  Hcwever,  the  pressure  drop  across  the 
catalyst  pack  increased  steadily  during  the  test,  reaching  900  pel  near 
the  end.  Also,  the  oscillograph  trace  showed  minor  disturbances  in 
the  pressure  reading  beginning  at  17  seconds  into  the  test  and  sharp 
but  isolated  spikes  beginning  at  36  seconds.  At  42  seconds  a  failure 
of  the  chamber  inlet  fittings  occurred  and  the  test  was  terminated. 

Since  the  catalyst  pack  and  retainer  plate  were  not 
recovered,  some  doubt  existed  concerning  the  cause  of  tile  failure.  However, 
shortly  thereafter  test  AF-A7(2)  with  ambient  feed  produc  *d  a  structural 
failure  in  the  34?  stainless  retainer  plate.  In  this  case,  the  distorted 
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plat*  and  catalyst  pack  were  recovered  still  lodged  within  the  exhaust 
aosals.  These  results  indicated  clearly  that  test  AF-A4(11)  had  also 
suffered  a  retainer  plate  failure.  Ac  inconel  plate  was  used  in  sub¬ 
sequent  tests  and  no  further  failures  occurred. 

Pack  AF-A4  contained  1?  relatively  Low- 
melting  silver  catalyst  screens  in  the  inlet  region.  Since  the  pack  was 
not  recovered  it  is  not  known  whether  these  screens  melted  during 
the  test.  The  other  pack  (AF-A10)  which  was  tested  with  Inated  HjC# 
feed  did  not  contain  any  silver  screens.  Thus  the  question  of  possible 
melting  of  such  screens  in  tests  with  heated  feed  remains  open. 

The  smooth  operation  of  test  AF-A10(2) 
with  14A*;tr  HjOj  feed  is  shown  in  Figure  38»  giving  the  recorded  trace 
at  50  seconds  into  the  test.  The  two  chamber  pressure  measurement 
are  designated  by  Pc^  and  Pc2.  Temperature  readings  are  shown  at 
Tj,  and  T*,  both  within  the  catalyst  pack,  and  T7  the  chamber  temper¬ 
ature. 


Figure  39  shows  the  increase  in  the 
realised  98%  HjO,  decomposition  gas  temperature  versus  in  the  feed 
temperature  for  test  AF-A10(2).  The  feed  temperature  increase 
from  66  to  140  *F  resulted  in  a  rise  of  decomposition  gas  temperature 
from  1760  to  1865  *F  at  thermocouple  T4  in  the  lower  section  of  the 
catalyst  pack.  This  is  a  1.41*F  increase  in  decomposition  gas 
temperature  per  1*F  rise  in  98%  H*0|  feed  temperature.  The  1.  41 
value  closely  approaches  the  theoretical  value  of  1.442.  Figure  40 
shows  a  graph  of  the  theoretical  change  of  decomposition  gas  temper¬ 
ature  with  feed  temperature  for  98%  HjO*. 

The  temperature  profiles  achieved  in 
test  AF-A10(2)  are  shown  in  Figure  41  for  two  different  feed  temper¬ 
atures.  As  shown  in  the  figure,  the  T7  chamber  temperatures  are 
somewhat  lower  than  the  T4  values,  but  this  is  a  common  phenomena 
attributed  to  heat  losses  to  the  motor.  Thus  the  T4  values  are  more 
representative  of  the  actual  decomposition  temperatures  obtained. 

Catalyst  pack  pressure  drop  increased 
approximately  150-200  psi  during  the  high  temperature  feed  tests. 

This  resulted  because  the  liquid  front  mev  ed  toward  the  inlet  as  the 
HjOj  feed  temperature  increased  during  the  test  (Figure  41)*  resulting 
in  a  longer  gas  phase  «ection.  This  again  points  out  the  need  for  catalyst 
screens  with  increased  open  area. 

The  theoretical  characteristics  velocity 
of  exhaust  gases  (C*)  varies  with  98%  HjO*  feed  temperature  as  shown 
in  Figure 42  .  Test  AF-A1Q(2)  produced  measured  C*  values  which 
reached  above  98%  of  theoretical  for  i21*F  feed  temperature,  but  then 
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Figure  38 


HIGH  PRESSURE-HIGH  PACK  LOADING  TEST  WITH  98%  H2Oj 
TEST  AF-A  10(2),  STEADY  STATE  AT  50  SECONDS 
3/4"  DIAMETER  TEST  CHAMBER  AND  140ftF  FEED 


Figure  59 

CHAMBER  TEMPERATURE  VERSUS  98%  H202  FEED  TEMPERATURE 
H‘GH  PRESSURE-HIGH  LOADING  TEST  WITH  3/4**  DIAMETER  CHAMBER 

TEST  AF-AI  0(2),  PACK  LENGTH  ?/e* 
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dropped  off  to  92%  as  the  feed  temperature  roee  to  140  .  This  can  be 
traced  to  the  corresponding  increase  in  pressure  drop  across  the 
catalyst  pack  as  noted  above. 


Tests  were  also  planned  with  200  *F  and 
250 *F  98%  H^Op  however,  an  increased  gassing  rate  in  the  feed  tank 
occurred  during  propellant  heating  above  17O-180*F.  Contract  termination 
prevented  feed  tank  repassivation  due  to  unavailable  time. 

The  silver-30%  palladium  catalyst  screen 
has  a  theoretical  melting  point  of  2120  *F  which  is  well  above  the 
decompositon  temperature  (2012*F)  of  98%  H202  at  a  feed  temperature 
of  250*F.  Silver-30%  palladium  catalyst  screens  (20  and  40  mesh)  were 
previously  evaluated  (10  )  with  251  *F  98%  H202  and  were  not  damaged  by 
the  2025*F  decomposition  gases  (Figures  43  and  44).  These  tests  show 
'that  the  screens  are  suitable  for  use  in  regeneratively  cooled  engines 
employing  98%  hydrogen  peroxide  as  the  coolant 
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Figure  43 

PHOTOMICROGRAPHS  OF  SILVER -30$  PALLADIUM  CATALYST  SCREENS 
USED  WITH  251 °F  98$  H202  FEED 


Used  20  Mesh  Screen  (l4x) 
(Deformation  Due  to  Excessive  Packing  Pressure) 
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Figure  44 

PHOTOMICROGRAPHS  "bF  SILVER- 30%  PALLADIUM  CATALYST  SCREENS 
USED  WITH  251  *F  98%  HzO*  FEED 


New  40  Mesh  Screen  (14X) 


Used  40  Mesh  Screen  (14X) 
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c.  Life  Tests 

Extended  testing  was  carried  out  on  packs  AF-A4  and 
AF-A8,  AF-A9.  and  AF-A1Q.  During  the  eleven  tests  on  pack  AF-A4, 
slightly  more  than  8  minutes  run  time  was  accumulated.  This  pack  was 
lost  at  the  end  of  test  11  due  to  failure  of  the  retainer  plate,  so  analysis 
of  the  catalyst  screens  after  the  tests  was  not  possible.  However,  the 
results  for  test  A5'-A4(10)  after  7  minutes  run  time  essentially  reproduced 
the  results  of  AF-A4  tests  1  and  2,  and  were  carried  out  with  the  same 
inlet  orifice  and  exhaust  nozzle.  This  indicates  that  the  catalyst  was  still 
operating  properly. 

Approximately  three  minutes  test  time  was  accumulated 
on  pack  AF-A8.  This  pack  exhibited  a  greater  decline  in  starting  capa¬ 
bility  than  the  other  tests,  which  is  attributed  to  the  lack  of  silver  screens 
in  the  inlet  of  the  pack. 

Pack  AF-A9(8)  was  still  giving  good  start3  and  per¬ 
formance  at  the  termination  of  testing.  The  silver  screens  contained  in 
the  inlet  of  this  pack  account  for  the  continued  starting  capability.  Pack 
AF-A10,  again  without  silver.-  showed  a  decline  in  start  response.  The 
testing  on  this  pack  included  about  one  minute  with  elevated  temperature 
H202  feed  which  reached  140*  F.  No  particular  effects  on  either  the  screen 
appearance  or  screen  activity  related  to  the  heated  feed  were  observed. 

The  activity  of  selected  silver-30%  palladium  screens 
after  motor  testing  is  shown  in  Table  XVIL  The  activities  were  determined 
by  the  standard  flood  test  with  10  ml.  of  98%  HzOz  as  outlined  on  page  4  . 

The  results  show  that  more  significant  activity  loss  occurred  for  these 
tests  than  for  the  initial  motor  screening  tests  (Table  XIII).  Either  the  high 
pack  loading  or  the  extended  test  time  compa  red  to  the  initial  screening 
tests  could  be  the  cause  of  the  added  decrease  in  activity.  In  each  case, 
screens  located  in  the  hotter  regions  farther  from  the  inlet  suffered 
greater  activity  losses.  This  concurs  with  the  findings  of  the  laboratory 
program,  which  showed  that  activity  loss  was  a  direct  function  of  the  tem¬ 
perature. 

For  several  packs  the  screens  were  weighed  before  and 
after  being  motor  tested.  For  the  silveT-30%  palladium  screens,  weight 
losses  up  to  4%  of  the  total  screen  weight  were  commonly  found.  However, 
during  compression  of  either  silver  or  silver-30%  palladium  catalyst 
screens  irto  a  cartridge  or  chamber,  the  samarium  oxide  coating  is 
always  crushed  where  the  screens  cross  and  a  fine  powder  is  produced. 

This  causes  a  weight  loss  of  the  same  magnitude,  whether  or  not  the  screens 
are  actually  subjected  to  a  motor  test.  Thus  the  weight  measurements  were 
not  able  to  detect  a  change  due  specifically  to  motor  operation. 
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TABLE  X7XX 

EffBCT  OF  MOTOR  OPERATION  upon  catalyst  activity 
OP  SILVER -30*  PALLADIUM  SCREENS 


Position  of 
Screen  Among 


Catalyst 

Pack 

Ag-30*  Pd 
Screens 
(numbered 
from  inlet) 

Total 
Test 
Time 
(min. ) 

Decomposition  Rate  After 
Motor  Testa  (ml/min)* 

Firs'*. 

Tes* 

Second  Third 
Test  Test 

S/N  002 

5th 

1  1/2 

15 

— 

— 

10th 

1  1/2 

1 

— 

— 

AP-A5(2) 

10th 

1  1/2 

-X.0 

— 

— 

ap-a8(6) 

5th 

3 

^0 

— 

— 

25th 

3 

<v0 

<v0 

9 

AP-A9(8) 

2nd 

4  1/2 

1 

14 

16 

15th 

4  1/2 

-  ~0 

— 

— 

AP-A10( 3) 

20th 

3 

1.5 

20 

— 

40th 

3 

<v0 

... 

♦Teat  used  10  ml.  of  98%  HaOa  which  was  initially  at  20°C. 
The  unused  silver-30*  palladium  catalyst  screens  commonly 
show  a  decomposition  rate  of  »v30  ml. /min. 
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...  The  nickel -5%  manganese  filler  screens  are  not 
coated  so  no  weight  is  lost  because  of  pack  compression.  These 
screens  generally  showed  a  weight  gain  of  up  to  1%  due  to  oxidation 
of  the  screen  surface  during  motor  operation. 
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d.  Data  Correlation  and  Engineering  Design  laform&tioa 

A  series  of  data  correlation  tests  were  planned  as  part  cf 
the  high  pressure-high  pack  loading  motor  test  program.  These  tests 
were  performed  to  produce  data  which  c ho.  be  extrapolated  over  a  wide 
range  of  conditions  to  aid  in  design  of  rocket  motors  and  other  applica¬ 
tions  of  the  catalyst  pack.  Therefore  seven  of  the  high  pressure-high 
pack  loading  tests  were  carried  out  with  the  same  catalyst  configuration 
(Type  of  AF-A4,  Figure  24).  The  asults  of  these  tests  have  been 
examined  in  detail. 

A  modification  of  configuration  type  AF-A4  at  the  end  of 
the  program  led  to  improved  performance  (AF-A9(8)).  However,  the 
modification  involved  only  the  removal  of  filler  screens  from  the  exhaust 
section  of  the  pack.  Thus  a  good  indication  of  the  performance  of  the 
improved  pack  over  a  range  of  operating  conditions  can  be  gained  from 
the  results  correlated  for  the  longer  pack,  type  AF-A4. 

The  remaining  of  the  two  best  pack  configurations  (AF-A10) 
tried  during  the  program  was  not  tested  extensively.  The  correlated 
data  for  type  AF-A4  will  still  serve  as  a  guide  for  predicting  the  per¬ 
formance  of  AF-JO„  though  perhaps  not  quite  so  well  as  for  AF-A9(8). 

The  correlated  data  can  also  be  used  approximately  for  other  catalyst 
configurations  similar  to  those  studied  in  this  program. 

(1)  Data  Consistency 

Data  from  the  seven  tests  which  employed  the  same 
catalyst  configuration  (type  AF-A4)  are  shown  in  Figures  45  to  5L  Similar 
plots  for  the  two  best  configurations  are  given  in  Figures  52  and  51  The 
figures  show  the  change  of  pack  loading  late  with  change  in  chamber  pressure. 
Lines  for  95  and  99%  theoretical  C+  (characteristic  exhaust  velocity)  are 
shown  on  the  figures  for  comparison.  Some  of  the  point3  which  appear 
out  of  line  in  the  figures  were  measured  at  moments  of  rapid  change  in 
flow  rate,  which  probably  caused  inaccuracies  in  the  determination  of 
flow.  This  is  the  case  particularly  for  two  points  of  test  AF-A9(5)  and 
one  point  each  from  tests  AF-A91(8)  andAF-A10(  1 ).  Otherwise,  the 
figuns  show  that  the  data  remained  consistently  at  95  to  99%  of  theoretical 
C*  for  most  of  the  tests.  The  slopes  of  the  data  exhibit  a  smooth  transition 
in  performance  as  the  exhaust  nozzle  size  was  increased  from  0.  138  to  0.  299 
inches  diameter.  Good  agreement  was  obtained  for  the  four  tests  (AF-A4(1), 
AF-A9  (5  and  8),  and  AF-A10(1))  which  employed  the  same  0.  253  inch 
diameter  nozzle,  though  cataly3t  packs  AF-A9(8)  and  AF-A10(1)  were 
short  packs  and  AF-A10(1)  did  not  contain  silver  catalyst  screens.  These 
results  show  that  significant  pressure  leakage  did  not  occur  and  that 
pressure  and  pack  loading  instrumentation  was  functioning  properly. 

Thus  the  data  appears  to  be  satisfactory  for  use  in  motor  and  orifice  design. 
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Figure  47 

HIGH  PRESSURE- HIGH  PACK  LOADING  TESTS  WITH  97.6% H^Pz  AND 
S/4*  DIAMETER  CHAMBER: PACK  LOADING  VERSUS  CHAMBER  PRESSURE 
TEST  AF-A4(4)  WITH  0.138“  ORIFICE  AND  69°F  FEED 


confimmt.  4. 


CHAMBER  PRESSURE,  PSIA 


Figure  48 


HIGH  PRESSURE-HIGH  PACK  LOADING  TESTS  WITH  98.4%  M2O2  and 
V4"  DIAMETER  CHAMBER- PACK  LOADING  VERSUS  CHAMBER  PRESSURE 
TEST  AFA9(5)  WITH  0.253“  ORIFICE  AND  56*F  FEED 


800  1000  1200 
CHAMQER  PRESSURE,  PSIA 


HIGH  PRESSURE-HIGH  RUCK  LOADING  TESTS  WITH  96%  H«0«  A  . 
W  DIAMETER  CHAMBER ‘-PACK  LOADING  VERSUS  CHAMBER  PRESSURE 
TEST  AF-A9(6)  WITH  0.283"  ORIFICE  AND  86*F  FEED 
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HIGH  PRESSURE-HIGH  RACK  LOADING  TESTS  WITH  98%  H202  AND 
3/V  DIAMETER  CHAMBER: PACK  LOADING  VERSUS  CHAMBER  PRESSURE 
TEST  APA9  (7)  WITH  0299"  ORIFICE  AND  S7*F  FEED 
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800  IGOO  1200  1400  1600 

CHAMBER  PRESSURE,  PSIA 


Figure  52 

HWH  PRESSURE- HI6H  PACK  LOADING  TESTS  WITH  98%  H2O2  AND 
3/4“  DIAMETER  CHAMBER: PACK  LOADING  VERSUS  CHAMBER  PRESSURE 
TEST  AFA9(8)  WITH  0.253“  ORIFICE  AND  56*F  FEED 


R  PRESSURE,  PSIA 


HIGH  PRESSURE- HIGH  PACK  LOADING  TESTS  WITH  98%  H2O2  AND 

3/4m  diameter  chamber :  pack  loading  versus  chamber  pressure 

TEST  AF-AIOO  )  WITH  Q253“  ORIFICE  AND  55°F  FEED 
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(2)  Correlation 

The  relationship  between  the  pressure  drop  across  the 
catalyst  pack  and  the  chamber  pressure,  pack  loading,  and  pack  length 
are  of  interest  for  design  of  catalyst  packs  and  motor  systems.  Most 
of  the  pressure  drop  can  be  shown  to  occur  in  the  gas  phase  region  of  the 
pack.  Reference  to  fluid-flow  equations  suggests  that  the  pressure  drop 
(AP)  for  the  decomposition  gases  in  this  region  should  be  directly  propor¬ 
tional  to  the  square  of  the  pack  loading  (G)  and  inversely  proportioned  to 
the  first  power  of  the  chamber  pressure  (Pc).  A  development  ( 10)  on 
this  basis  has  susggested  that  the  pressure  drop  is  also  directly  propor¬ 
tional  to  the  first  power  of  the  feed  temperature  (T)  and  to  the  square  of 

(%J  (£)■  (tj 

(a)  Pressure  Drop  and  Chamber  Pressure 

The  data  for  catalyst  pack  configuration  type  AF-A4 
was  plotted  to  show  the  relationship  between  AP  and  Pc.  The  pack  length 
was  constant  for  the  seven  type  AF-A4  tests  and  the  feed  temperature 
was  nearly  constant.  The  data  have  been  plotted  for  roughly  constant 
values  of  pack  loading.  In  agreement  with  the  above  equation,  a  good 
correlation  was  obtained  on  a  log-log  plot  as  shown  in  Figure  54.  This 
plot,  gives  a  slope  of  .  85,  which  corresponds  to 


the  catalyst  pack  length  (L>),  as 

A£u  feil 

ap,  \p^7/ 


log  AP=  -.  85  log  Pc  +  Cj 

where  C  can  be  calculated  from  the  data  for  each  specific  pack  loading,  but 
is  not  a  simple  function  of  the  loading.  The  equation  may  be  used  in  the  fornr 


for  constant  pack  loading  G  when  one  AP  and  one  Pc  are  known.  The  pressur 
drop  is  shown  to  decrease  with  increasing  chamber  pressure.  This  is 
attributed  to  the  decrease  in  specific  volume  of  the  decomposition  gases 
as  the  pressure  is  increased,  as  shown  in  Figure  55. 

(b)  Pressure  Drop  and  Pack  Loading 


The  data  for  AP  and  pack  loading  (G)  at  constant 
Pc,  T,  and  L  were  plotted  on  both  logarithmic  or  linear  scales  (Figures  56 
and  57 ).  The  logarithmic  relationship  gives 
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Figure  54 

HIGH  PRESSURE-HIGH  PACK  LOADING  TESTS  WITH  98%Ht0t  ANO 
*4*  DIAMETER  CHAMBER: CORRELATION  OF  CATALYST 
PACK  PRESSURE  DROP  WITH  CHAMBER  PRESSURE 
CATALYST  PACKS  AF-A4(l,3-6)  AND  AF-A9(6-7) 


100  1000 

CHAMBER  PRESSURE  (Pc) 
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Specific  Volume  of  Oases  ft 


Figure  55 


Specific  Volume  of  the  Decomposition 
Oases  of  98$  HaOa  at  Various  Pressures 


XI 


Ref:  BuMines 

PX -3 -107/14 
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PRESSURE  DROP  (PSD 
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Pigure  56 

NIGH  PRESSURE- HIGH  PACK  LOADING  TESTS  WITH  SS%HtOsAND 
V4  DIAMETER  CHAMBER :  VARIATION  OF  CATALYST  PACK 
PRESSURE  DROP  WITH  PACK  LOADING ;  CATALYST 
PACKS  AF-A4(l,3-5)  AND  AF-A9C5-7)  WITH 
IDENTICAL  CONFIGURATION 


PACK  LOADING  (PSIM) 
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PACK  LOADING,  P3IM 


for  coutut  Pc.  while  the  linear  plot  give* 


AP  *  6.  8  Q  +  Cj 
or 

AP»*AP|  *  6.  8  (G|*Gi)' 


for  constant  Pc. 

(c)  Pressure  Drop  and  Feed  Temperature 

The  variation  of  AP  with  feed  temperature  has 
been  graphed  for  the  type  AF-A10  configuration  pack  (Figure  58).  The 
equation  of  the  line  drawn  is 


AP  *  2.  22  T  +  93 
or 

APa-APi  *  2.  22  (Tj-T,). 

This  equation  is  only  approximate  since  the  data  on  which  it  is  based  are 
not  strictly  for  constant  chamber  pressure  and  constant  pack  loading. 

The  results  for  a  log-log  plot  of  this  data  (Figure  59)  provide  a  poorer 
fit  which  corresponds  roughly  to  the  equation 


log  AP  *  •  81  log  T  +  C, 


However,  this  form  of  the  data  correlation  can  be  incorporated  with  the 
other  results  in  a  general  equation  of  the  original  typo. 


(d)  -  Pressure  Drop  and  Pack  Length 


The  variation  of  AP  with  pack 
Figure  60  for  type  AF-A4  packs.  The  screen  configuration  of  pack  AF-A9(8) 
was  different  only  in  the  number  of  nickel-5%  manganese  filler  screens 
contained  in  die  exhaust  end  of  the  pack.  All  three  packs  were  compressed 
at  4,  000  psi  and  used  the  0.  253  exhaust  orifice.  The 
was  also  nearly  constant.  The  lines  on  the  figure  wer< 
mately  equal  pack  loadings  and  chamber  pressures. 


ength  is  plotted  in 


feed  temperature 
e  drawn  for  approxi- 


AP  »  193  L  4  C* 
or 

APj-AP,  ■  193  (La-L,) 


for  constant  Pc,  T  and  G.  A  log-log  plot  in  this  case  jyields  a  rmge  of 
possible  exponents  and  so  is  unsatisfactory. 
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Figure  58 

HIGH  PRESSURE  -  HIGH  PACK  LOADING  TESTS  WITH  9G%HtOtAND 
Uf  DIAMETER  CHAM6B*’. VARIATION  IN  PRESSURE  DROP  WITH 

HgOi  PEED  TEMPERATURE 
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HiCH  PRESSURE- KISH  PACK  LOAD!  NS  TESTS  WITH  98%HtO*  AND 
kl DIAMETER  CHAMBER :  NMRtATION  OF  PRESSURE  DROP 
WITH  FEED  TEMPERATURE  PACK  AF-AKX2) 


FEED  TEMPERATURE  TO 


CONFfMNTUtL 


Figure  60 

HI6H  PRESSURE- Hf6H  PACK  LOADING  TESTS  WITH  98%H2OtANO 
DIAMETER  CHAM8ER:VARIATI0N  OF  PRESSURE  DROP  WITH 
CATALYST  PACK  LENGTH  J I  DENT  I  CAL  CATALYST 
CONFIGURATION  WITH  0.293*  ORIFICE 


125 

f&rnmnmM. 


CONFIDENTIAL 


(•)  Combined  Correlation  and  Example* 


Though  the  logarithmic  relationahip*  between 
pressure  drop  and  pack  loading  or  feed  temperature  do  not  give  definitive 
results,  the  following  combined  equation  may  be  given  for  the  data  of 
this  test  program. 


However ,  the  separate  equations  for  AP  variations  with  pack  loading  and 
feed  temperature  will  provide  better  results  for  pack  configuration 
type  AF-A4. 


The  use  of  the  equations  for  predicting  changes 
in  pressure  drop  with  chamber  pressure  and  pack  loading  for  catalyst 
configuration  type  AF-A4  can  be  illustrated  as  follows.  Find  the  AP 
at  97.  5  psim  pack  loading  and  917  psia  chamber  pressure,  given  that 
the  AP  is  227  p#i.at  29  psim  and  327  psia. 


*  530  psi 


The  given  starting  data  are  from  test  AF-A9(5)  and  the  result  gives 
reasonable  agreement  with  the  554  psi  AP  found  at  97.  5  psim  and  917  psia 
in  test  AF-A9(7) 


For  a  second  example,  find  the  AP  at  81  psim 
and  921  psia  for  a  type  AF-A4  pack  which  has  AP  equal  to  62  psi  at  30  psim 
and  1410  psia  (pack  AF-A4(4)). 


AP*  =  62 


85 


=  336  psi 


This  result  compares  with  an  actual  value  of  443  psi  found  at  81  psim  and 
921  psia  in  test  AF-A9(6).  This  second  example  shows  the  spread  of 
results  which  can  be  obtained  for  this  correlation  equation.  The  scatter 
of  the  high  psia  chamber  pressure  values  marked  on  Figure  56  suggests 
difficulty  with  the  logarithmic  correlation. 
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An  improved  result  for  the  data  of  the  second 
example  is  produced  by  using  the  linear  rather  than  the  logarithmic 
relationship  between  AP  and  G. 


^  ^  m 
-  “  a®) 


.  85 


=  89  psi 

APj  =  AP2  +  6.  8  (Cz-Ci) 
=  89  +  6.8  (81-30) 
=  423  psi 


This  value  compares  favorably  with  the  measured  AP  of  443  psi. 
suggests  that 


+  6.  8  (Gj-Gj) 


This 


is  a  better  representation  of  the  data  gathered  in  this  program. 

For  determination  of  the  variation  of  pressure 
drop  with  feed  temperature  and  pack  length,  the  best  results  will  be  ob¬ 
tained  by  using  the  linear  equations: 

APj  =  2.  22  (Tz-T,)  +  APi 

APj  =  193  (Lj-L,)  +  AF, 


Since  these  equations  are  derived  from  only  one  test  which  varied  feed 
temperature  and  only  two  teots  for  different  lengths  of  catalyst  packs, 
the  correlations  expressed  must  be  considered  approximate. 


(3)  Catalyst  Pack  Applications 

The  two  basic  types  of  applications  of  the  98%  HzOj 
catalyst  pack  are  gas  generators  and  thrust  motors.  The  following  two 
examples  demonstrate  the  usual  calculations  required  to  incorporate  the 
catalyst  pack  into  the  total  design. 
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(a)  Gas  Generator 

Determine  the  diameter  of  a  catalyst  pack  for  use 
with  98%  H202  in  a  gas  generator  having  a  power  output  of  1000  H.  P.  at 
50%  efficiency  and  1500  psia  chamber  pressure.  First  the  flow  rate  of 
98%  H202  must  be  found  as  follows. 


98%  H202  flow  rate  = 


Theoretical  flow  rate 
Turbine  efficiency 


The  theoretical  flow  rate  can  be  selected  from  Figure  61.  If  a  different 
horsepower  generator  were  required,  the  appropriate  modification  to 
data  from  Figure  61  could  be  made,  using  the  equation  given  at  the  top 
of  the  figure.  For  the  problem  at  hand 


98%  H2Oz  flow  rate 


1.  4  lbs.  /  nec. 
50%  eff. 


2.  8  lbs.  /  sec. 


Now  the  catalyst  pack  cross-sectional  area  can 
be  determined  for  a  selected  pack  loading  rate,  chosen  in  this  case  to 
be  20  psim. 


Pack  frontal  area  (Flow  rate  in  lbs.  sec)\b0  sec/ min) 
in  square  inches  (Loading  in  lbs.  / in.  / min.  ) 

(2.  8)(60) 

20 

=  8.  4  in. 2 

Then  the  pack  diameter  is  easily  obtained. 

/(4)(Frontal  area)  . 

Diameter  =1  — a - - - J  =  3.  28  in. 

The  recommended  catalyst  configuration  is  type  AF-A9(8)  given  on  page 
The  screens  should  be  compressed  at  4000  psi  for  a  pack  length  of  15/1^" 

(b)  Thrust  Motor 

Design  a  40  lb.  thrust  motor  to  operate  with  98% 
H2Oz  at  100,  000  feet  altitude  with  a  chamber  pressure  of  300  psia.  The 
following  information  is  given  or  available  from  the  indicated  figures. 
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Figure  6l 

THEORETICAL  H»Oa  FLOW  IN  LBS. /SEC.  PER  1000  HP 


cemwENittL 


*  5 
3  3 


£  <5 

*  =? 

ON  ON 


Ref.  -  Bu.  of  Mines  Report  PX-^-lOff/l*  A.J.K/J.CJI 
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Thrust (F)' 


»  40  lbs. 


Chamber  Pressure  (Pc) 


=  300  psia 


Altitude 


»  100,  000  ft 


Theoretical  Specific  Impulse  (ISP) 
(figure  62) 

Characteristic  Exhaust  Velocity 
of  Gases  (C*)  for  98%  HjO, 
Feed  Temperature  of  70*  F 
(Figure  42) 

Thrust  Coefficient  (Cp) 

(Figure  63) 

Efficiency  of  Catalyst  and  Nozzle 

Gravitational  Constant  (g) 


=  192  sec. 


a  3330  ft./ sec. 


=  1.  85 


=  .  96 

=  32.  2  ft  /  sec.1 


The  catalyst  efficiency  has  been  taken  at  99%  and  the  nozzle  efficiency 
at  97%  to  give  the  listed  combined  efficiency  of  96%. 


First  the  required  flow  rate  (W)  is  calculated 


98%  HjOj  flow  rate  = 


_ Thrust 

(Efficiency)(Specific  Impulse) 


W  = 


40 


(.  96)(192) 


=  .  217  lbs/ sec. 


Next  the  required  area  of  the  nozzle  throat  (At)  is  found. 


or 


C 

W 


c»w 

gPc 


,  (333)(.  217) 
(32.  2)(300) 


=  .  0748  in.2 

The  diameter  of  the  throat  can  be  found  from  the  area  as  before. 
Dieter  .(iilk2I«))l/2  .  .  jo,  in. 
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Lastly,  the  efficiency  of  the  designed  system  can  be  found  to  check 
the  suitability  of  the  design.  To  do  this  the  Cp  value  based  on  the 
designed  nossle  sizing  is  determined. 


F  =  Cp  Af  Pc 


or 


Cp 


At  Pc 
40 


*  l.  78 


(.  0748X300) 

This  value  is  then  compared  with  the  theoretical  Cp. 

1.  78 


Percent  of  theoretical  = 


1.  85 


96% 


Thus  the  nossle  sizing  is  satisfactory  and  the  motor  will  give  high 
performance. 

The  catalyst  design  can  now  be  selected  for 
the  afcure  thrust  motor.  The  preheat  design  to  be  discussed  beginning 
on  page  135  (Figure  64)  is  recommended  due  to  its  high  reliability.  The 
diameter  of  the  catalyst  scroll  to  be  used  is  determined  as  follows.  The 
equations  for  pack  frontal  area  and  pack  diameter  have  been  given  on 
page  128  and  the  flow  rate  for  the  thrust  motor  calculated  above  to  be 
.217  Ib/sec.  The  pack  loading  rate  is  chosen  to  be  15  psim. 


Frontal  area  *  k  -Ulli6.0*  =,  .  87  in.* 


Pack  diameter 


=  1.  05  in. 


The  recommended  preheat  scroll  diameter  is  0.  8  times  the  diameter  of 
the  main  catalyst  section. 


Scroll  (O.  D.  )  -  (0.  8)(1.  05)  *  .  84  in. 


The  length  of  the  main  catalyst  section  is  recommended  to  be  1.  125  inches 
and  the  scroll  height  should  be  designed  for  30  ft/ sec.  fluid  velocity. 
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(c)  General  Design  Suggestions 

Some  suggestions  concerning  the  general  design 
of  thrust  motors  and  gas  generators  for  98%  HjOa  can  be  enumerated  as 
follows: 

1.  Use  a  minimum  free  volume  above  the 
injector  plate. 

2.  Use  two  anti-channel  baffles,  one  under 
the  injector  plate,  one  15  screens  down 
the  pack.  Baffle  interference  .001  to  .  004 
inches.  Baffle  material  -  Inconel  X. 

3.  Correct  for  the  Ha02  fluid  inlet  line  velocity 
by  using  a  reduced  open  area  aVthe  center 
section  (1.  25  x  inlet  tufce  LD.  )  of  the 
injector  plate. 

4.  Design  the  injector  plate  to  give  uniform 
catalyst  loading  with  minimum  pressure  drop. 

%  Use  a  50  pel  AP  trim  orifice  or  a  cavitating 

venturi  in  the  HaOa  feed  line  at  'he  chamber  inlet. 

6.  Use  347  SS  material  for  gas  generator  or 
thrust  motors.  When  the  pressure  housing 
O.  D.  exceeds  3  inches.  Inconel  718  or  other 
high  itress  steel  non-oxidising  materials  may 
be  used. 

7.  Use  1300  to  1400*  F  metal  temperatures  when 
determining  wall  thicknesses  in  preheat  thrust 
motors  and  gas  generators. 

8.  Support  plates  should  be  Incooel  X  or  Inconel 
718  material.  Rib  design  supports  are 
weight  saving,  thus,  recommended  in  larger 
gas  generators  and  thrust  motors. 
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e.  Low  Temperature 


H 

i 


etc 


rfljr 


These  tests  were  carried  out?  to  dj»terfmine  the  perftyrmaic  e 
of  the  silver:  silver-30%  palladium  catalyst  under  low  temperature  eras* 
ditione.  The  initial  starting  behavior  was  measured  with  the  98%  KjO, 
feed,  the  motor  test  system,  and  the  catalyst  pack  cooled  to  below  30*  F. 
Subsequent  starts  with  low  temperature  feed  and  warm  motor  and 
catalyst  were  also  measured.  In  addition,  the  steady- state  performance 
of  the  catalyst  with  low  temperature  feed  was  tested.  For  comparison, 
a  second  identical  catalyst  aud  motor  were  tested,  and  both  catalysts 
were  then  subjected  to  ambient  temperature  tests. 


(1)  Preheat  Motor 


Two  22  pound  thrust  preheat  motors  were  employed, 
S/N  001  and  S/N  002.  The  preheat- type  hydrogen  peroxide  powered 
thrust  motor  was  developed  by  FMC  Corporation  under  a  NASA  contract 
and  is  presently  used  on  the  Scout  missile.  This  motor  design  ~»as 
selected  because  it  has  demonstrated  excellent  low  starting  properties 
with  Becco  90%  Ha02.  (12). 

The  test  motor  design  is  shown  by  Figure  6-4.  The 
lower  right-hand  portion  of  the  motor  is  shown  in  cross  section,  while 
the  remainder  is  an  external  view.  In  tnis  type  motor,  the  HaOa  enters 
the  inlet  pipe  from  the  right  and  passes  jat  a  right  angle  through  orifices 
in  the  injector  umbrella  and  into  a  "preheat"  catalyst  scroll.  The  HaOa 
partially  decomposes  and  makes  another  90*  turn  and  then  passes  axially 
through  the  main  catalyst  pack.  These  Changes  in  the  direction  of  flow 
increase  the  HaOa  stay  time  in  the  catalyst  pack  and  result  in  better  low 
temperature  starting. 


To  the  left  in  the  figurje  appears  the  entry  for  chamber 
pressure  measurements.  Also  shown  aire  the  mounting  bracket,  exhaust 
nossle  radius  and  cone,  and  the  darkened  sites  where  parts  of  the  motor 
were  welded  together.  The  figure  show4  the  bolts  and  head  plates  which 
permit  access  to  the  catalyst  pack.  The  catalyst  screens  themselves 
are  held  within  the  catalyst  holder  by  the  injector  umbrella  retainer 
plate,  and  spiralox  ring.  These  component  parts  are  shown  in  greater 
detail  in  Figure  65.  To  the  left  appears  the  catalyst  holder  with  cavities 
for  the  preheat  scroll  and  main  catalyst  At  the  right  is  the  injection 
umbrella  which  holds-the  preheat  scroll  |and  fits  inside  the  preheat  scroll 
cavity  of  the  catalyst  holder.  The  retainer  plate  appears  at  the  bottom 
right 
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Figure  64 

22#  THRUST  PREHEAT  MOTOR  USED  TO  DECOMPOSE  98*  H*Oa 
IN  THE  LOW  TEMPERATURE  STARTING  TESTS 


Bolts  for 
access  to 

Mounting  bracket 


Chamber  pres¬ 
sure  port 


Weld 


Exhaust  nozzle 
radius 

300  Series  SS 
Splrolox  ring 


Head  plates 

Orifice  In  Injector  umbrella 
Ha0a  Inlet 


CatalyBt  holder 


Preheat  catalyst  scroll 


Exhaust 

cone 


Main  catalyst  section 


Note:  1.  Chamber  347  S3 

except  for  bolts  and 
head  seal  gasket 

2.  Pull  scale 
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figure  65 

OOWOSKMT  PARTS  FOR  THE  43#  THRUST  MOTOR  USED 


10  DECOMPOSE  98s<  H2O*  IN  THS  LOM  TEMPERATURE  TESTS 
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(2)  Catalyst  Configuration  and  Packing 

The  catalyet  configuration  used  for  both  low-temperature 
test  packs  is  shown  in  Figure  66.  The  preheat  scroll  catalyst  screen 
was  wound  around  the  inlet  tube  of  the  injector  umbrealla,  beginning  with 
a  6"  length  of  silver  screen,  continuing  with  6"  of  silver-5%  palladium 
screen,  and  ending  with  12"  of  ailver-30%  palladium  screen.  The  in¬ 
jector  umbrella  was  then  inserted  within  the  catalyst  holder  and  the  main 
catalyst  section  screens  were  added.  The  main  section  of  the  pack  was 
compressed  to  4000  psi  and  then  the  retainer  plate  and  Spirolox  ring 
were  inserted. 

(3)  Test  System 

The  22  pound  thrust  preheat  motor  was  mounted  on  a 
test  stand  as  shown  in  Figure  67.  The  entire  system  was  surrounded 
by  an  insulated  box  so  the  temperature  could  be  uniformly  reduced.  The 
98%  HjOj  feed  tank  (  6  gal.  ),  the  propellant  valve,  and  the  chamber 
pressure  transducer  can  also  be  seen.  The  feed  pressure  transducer 
is  not  shown  but  appears  in  the  schematic  of  Figure  68  as  Pf.  A  chromel- 
alumel  thermocouple  was  used  to  monitor  the  surface  temperature  on 
the  outside  of  the  chamber,,  and  an  iron-constantan  thermocouple  measured 
the  HaOj  feed  temperature.  A  quick  disconnect  allowed  the  HaOa  feed 
tank  to  be  separated  for  weighing  before  and  after  the  steady-state-  tests 
so  propellant  flow  could  be  determined.  The  schematic  also  shows  the 
nitrogen  gas  fuel  pressurant  supply  (per  MIL-BB-N-411B,  Grade  B, 
type  1,  class  1  filter  to  10  microns  prior  to  introduction  into  the  test 
system). 


(4)  Test  Procedure 

All  tests  were  conducted  using  FMC  supplied  98%  HaOa 
which  was  filtered  to  10  microns  prior  to  introduction  into  the  test 
system.  As  in  the  earlier  tests,  the  pressures  and  temperatures  were 
recorded  on  an  oscillograph  recorder. 

The  test  system  and  96%  HaOj  were  cooled  in  the  in¬ 
sulated  box  with  dry  ice.  Several  hours  were  allowed  for  all  parts  of  the 
system  to  reach  temperature.  This  initial  temperature  was  25*  F  for 
motor  S/N  002  and  30*  F  for  motor  S/N  001.  The  motors  were  then  tested 
as  follows  using  a  feed  pressure  of  530  psig. 

(1)  The  motor  was  pulsed  three  times  at  a  pulse 
mode  of  150  msec,  on  and  3  seconds  off. 
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Figure  66 


Catalyst  Pack^Used  for  the  Low  Temperature  Starting 
Tests  with  98#  Hydrogen  Peroxide 


Test  Motor  -  22#  Thrust  Preheat 
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Figure  68 
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(2)  Upon  Lritiation  of  the  following  300  cycle 
sequence  *- *  motor  S/N  002,  no  firing  occurred 
because  the  98%  HjOj  had  frozen  at  25* F. 

Motor  S/N  002  was  then  allowed  to  soak  at 

30*  F  for  a  period,  of  one  hour  before  it  wav 
restarted,  while  motor  S/N  001  was  allowed 
only  10  minutes  at  30*  F  prior  to  restart. 

(3)  The  motors  were  then  pulsed  300  times  at  a 
pulse  mode  of  150  msec,  on  and  350  msec.  off. 

(4)  The  fuel  tank  was  disconnected  and  weighed. 

(5)  The  fuel  tank  was  reconnected  and  a  30  second 
steady-state  test  was  run. 

(6)  The  fuel  tank  was  then  disconnected  and  reweighed. 

Both  motors  and  the  fuel  system  were  removed  fro..*, 
the  environmental  chamber  and  allowed  to  reach  ambient  temperature. 

An  ambient  correlation  test  was  then  performed  on  each  motor  using 
the  same  fuel  system  and  the  same  feed  pressure  settings.  The  ambient 
tests  were  performed  in  the  following  sequence: 

(1)  The  motor  was  pulsed  three  times  at  a  pulse 
mode  of  150  msec,  on  and  3  seconds  off. 

(2)  The  motor  was  allowed  to  cool  for  ten  minutes. 

(3)  The  motor  was  pulsed  ten  times  at  a  pulse  mode 
of  150  msec,  on  and  350  msec.  off. 

(4)  The  motor  was  fired  continuously  for  ten  seconds 
(steady -state). 

(5)  Results  of  the  Tests 

(a)  Motor  S/N  002 

The  first  low  temperature  starting  test  employed 
+25 *F  98%  H2Oj  and  +25*  F  motor  (S/N  002).  Figures  69*  70,  and  71 
she's  the  first,  second,  and  third  pulses  for  motor  S/N  002.  The 
symbols  used  to  identify  the  traces  on  the  figures  have  the  same  meaning 
as  those  described  previously  (page  45).  The  first  pulse  showed  no 
significant  pressure  rise.  The  second  and  third  pulses  were  rapid  with 
30  and  25  msec,  to  90%  of  attained  chamber  pressure  (PC). 
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Figure  69 

LOW  TEMPERATURE  TEST 
FIRST  PULSE  WITH  25  *F  FEED 
98. 1Y.  HaOa  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  70 

LOW  TEMPERATURE  TEST 
SECOND  PULSE  WITH  25  *F  FEED 
98.17.  HjOj  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  71 

LOW  TEMPERATURE  TEST 
THIRD  PULSE  WITH  25  *F  FEED 
98.17.  HjOj  AND  22  POUND  THRUST  MOTOR  S/N  002 
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The  H*Oa  irose  in  the  feed  line  following  the 
third  pulee,  which  was  evident  when  there  was  no  H202  flow  at  die 
initiation  of  the  300  cycle  sequence.  The  98%  H202  was  then  warmed 
to  30* F  and  the  300  pulses  were  carried  out.  Figure  72  shows  the  first 
two  cycles  of  the  300  cycle  sequence.  Due  to  the  lonp  wait  between  the 
first  3  pulses  and  the  start  of  the  300  cycle  Sequence,  the  motor  was 
again  cold,  as  for  the  first  pulse.  This  accounts  for  the  lack  of  res¬ 
ponse  for  the  first  of  the  300  cycles,  when  compared  to  the  response  of 
motor  S/N  001  which  was  still  warm  at  this  point.  Response  time  in 
cycles  2  to  300  for  S/N  002  averaged  16-20  msec,  to  90%  Pc  (valve  delay 
time  8-10  msec.  ).  Decay  times  averaged  18-25  msec,  to  10%  Pc. 
Catalyst  pack  pressure  drop  was  approximately  200  psi,  including  20-30 
psi  due  to  the  valve. 

The  30  second  steady-state  run  was  carried  out 
to  determine  engine  efficiency.  Measured  C*  was  3367  ft/  sec.  which 
shows  high  motor  performance,  99%  of  theoretical  with  the  30*  F  H202 
feed.  Figure  73  shows  that  pressure  oscillations  were  experienced. 

No  orifices  were  employed  in  the  H202  feed  line  and  the  oscillations 
could  be  eliminated  by  use  of  a  trim  orifice  or  venturi  at  the  inlet  to 
the  chamber. 


The  low  temperature  test  results  for  motor  S/N 
002  are  given  in  Table  XVIU.  In  the  first  column  to  the  left  appear  the 
three  basic  sequences  of  the  test  program.  Column  two  shows  the 
cycle  within  the  sequence  or  the  second  of  the  steady  state  for  which 
data  appears  in  the  remaining  columns:  chamber  pressure,  pressure 
of  the  H202  feed,  pressure  drop  (AP)  across  the  catalyst  pack,  tempera* 
ture  of  the  H202  feed,  temperature  on  the  outside  of  the  chamber  wall, 
and  the  start  and  decay  transients  for  10  and  90%  of  realised  chamber 
pressure. 


Following  the  low  temperature  tests,  the  motor 
was  subjected  to  ambient  temperature  calibration  tests.  Starts  were 
rapid  and  pulses  were  sharp.  The  first  start  transient  with  54*  F  98.  1% 
H2Oj  was  104  msec,  to  d0%  chamber  pressure  (Figure  74).  Pulse 
transients  varied  from  16  to  27  msec,  for  90%  Pc  for  the  remaining 
starts  (Figures75  ,  76,  and  77).  Thus  the  results  show  that  the  initial 
start  for  motor  S/N  002  was  significantly  better  at  54* F  than  at  25* F, 
but  that  additional  starts  with  a  25*  F  98%  H202  feed  but  a  warm  motor 
were  essentially  the  same  as  those  for  54*  F  H2Q2  feed. 

The  10  second  steady- state  test  at  ambient 
temperatures  (Figure  78)  again  exhibited  pressure  oscillations,  confirming 
that  they  were  not  peculiar  to  the  low  temperature  operation  of  the  motor. 
The  pressure  drop  across  the  catalyst  pack  was  roughly  the  same  as  that 
obtained  at  low  temperature,  again  including  a  20-30  psi  value  aP. 
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figure  72 

LOW  TEMPERATURE  TEST 
FIRST  TWO  PULSES  OF  300 
CYCLE  TEST  WITH  32*F  FEED 
98. 17.  HjO,  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  73 

LOW  TEMPERATURE  TEST 
START  OF  STEADY  STATE  TEST  WITH  30 «F  FEED 
98.  1%  H*Oj  AND  22  POUND  THRUST  MOTOR  S/N002 
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LOW  TEMPERATURE  TESTS  WITH  MOTOR  S/M  002 

HgOs  Cor.centratlon  -  90.1^ 
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Figure  74 

AMBIENT  TEMPERATURE  TEST 
FIRST  PULSE  WITH  54  *F  FEED 
98.1%  HjO;t  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  75 

ambient  temperature  test 

SECOND  PULSE  WITH  54 °F  FEED 
98.  1%  H2Oz  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  76 


AMBIENT  TEMPERATURE  TEST 
THIRD  PULSE  WITH  54°F  FEED 
98.  1%  H2Oj  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  77 

AMBIENT  TEMPERATURE  TEST 
FIRST  TWO  PULSES  OF  TEN  CYCLE  TEST  WITH  55* F  FEED 
98.  1%  HjOi  AND  22  POUND  THRUST  MOTOR  S/N  002 
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Figure  78 


AMBIENT  TEMPERATURE  TEST 
START  OF  STEADY  STATE  WITH  58  *F  FEED 
98.  1%  H20,  AND  22  POUND  THRUST  MOTOR  S/N  002 
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'  The  ambient  temperature  results  for  motor  ‘ 
S/N  002  are  shown  in  Table  XIX.  Tha  sama  data  ha  vs  bssn  reported 
as  for  the  low  temperature  tests  (page  149). 

(b)  Motor  S/N  001 

A  similar  set  of  tests  with  preheat  motor 
S/N  001  produced  results  comparable  to  those  obtained  with  S/N  002. 
Figures  79.  80  •  and  81  show  the  first,  second  and  third  cold  start 
pulses.  The  first  pulse  again  showed  no  significant  pressure  rise 
while  the  second  and  third  pulse  starts  were  rapid  at  30  and  25  msec, 
to  90%  Pc. 


The 300  cycle  pulse  sequence  was  then  initiated 
before  the  motor  had  had  time  to  cool  completely.  Thus  the  first  of  the 
300  pulses  (Figure  82)  gave  a  good  response,  whereas  motor  S/N  002 
did  not.  Response  times  for  the  remaining  pulses  averaged  17  to  25  msec, 
to  90%  Pc  and  21  to  28  msec,  to  10%  Pc  decay.  Catalyst  pack  AP 
averaged  230  to  240  psi  including  the  20-30  psi  pressure  drop  across  the 
valve. 


The  30  second  steady- state  test  produced  a 
measured  C*  of  3190  ft.  /  sec.  which  is  97%  of  theoretical.  Figure  83 
shows  the  initial  start  transient.  As  in  tests  with  S/N  002,  pressure 
oscillations  were  experienced  which  could  be  eliminated  by  the  use  of 
a  trim  orifice  or  venturi  in  the  feed  line. 

The  results  of  the  low  temperature  tests  with 
motor  S/N  001  are  given  in  Table  XX 

The  results  of  the  ambient  temperature  cali¬ 
bration  tests  with  S/N  001  were  also  similar  to  those  for  S/N  002.  The 
initial  start  wife  54*  F  98.  1%  H2Oj  was  149  msec,  to  90%  Pc.  (Figure  84), 
and  transients  averaged  24  and  19  msec,  in  cycles  2  and  3  (Figures  85 
and 86).  Start  transients  for  the  ten  pulse  sequence  averaged  17-25 
msec,  to  90%  Pc,  while  decay  rates  were  26-29  msec,  to  10%  of  Pc, 
(Figure  87  ).  Th  •  10  second  steady-state  test  (Figure  88)  showed 
chamber  pressure  oscillations  much  the  same  as  wife  low  temperature 
feed.  Table  XXI  gives  fee  ambient  temperature  test  results  for  S/N  001. 
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Figure  79 

LOW  TEMPERATURE  TEST 
FIRST  PULSE  WITH  30  *F  FEED 
98.  1%  HjO,  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  80 

LOW  TEMPERATURE  TEST 
SECOND  PULSE  WITH  30  *F  FEED 
98.  1%  HjOa  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  8l 

LOW  TEMPERATURE  TEST 
THIRD  PULSE  WITH  30  *F  FEED 
98.  1%  HjOj  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  82  ' 

LOW  TEMPERATURE  TEST 

FIRST  TWO  PULSES  OF  300  CYCLE  TEST  WITH  30  *F  FEED 
98.  1%  HjOa  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  83 

LOW  TEMPERATURE  TEST 
START  OF  STEADY  STATE  WITH  30.  5*F  FEED 
98.  1%  H^O,  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  84 

AMBIENT  TEMPERATURE  TEST 
FIRST  PULSE  WITH  54*F  FEED 
98.1  %  HjO,  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  85 


AMBIENT  TEMPERATURE  TEST 
SECOND  PULSE  WITH  54  *F  FEED 
98.  1%  HjOa  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  86 


AMBIENT  TEMPERATURE  TEST 
THIRD  PULSE  WITH  54  *F  FEED 
98.  1%  HjOj  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure ,  87 

AMBIENT  TEMPERATURE  TEST 
FIRST  TWO  PULSES  OF  TEN  CYCLE  TEST  WITH  55»F  FEED 
98,  1%  HjO,  AND  22  POUND  THRUST  MOTOR  S/N  001 
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Figure  88 


AMBIENT  TEMPERATURE  TEST 
START  OF  STEADY  STATE  WITH  57  *F  FEED 
98.  1%  HjOj  AND  22  POUND  THRUST  MOTOR  S/N  001 
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(c)  Conclusion* 

Both  preheat  motors  showed  encouraging 
cold  start  capability.  Figure  89  shows  the  comparison  for  the  tro 
motors  of  start  and  decay  transients  during  the  300  cycle  sequence 
using  +30*  F  98%  HsOj  feed.  There  is  good  reproducibility  in  response 
times  between  the  two  motors.  A  general  comparison  of  results 
obtained  both  at  ambient  and  at  lower  temperatures  indicates  that 
there  is  little  difference  in  starting  characteristics  with  the  exception 
of  the  first  cold  pulse.  Catalyst  packAP  averaged  near  200  psi, 
which  can  be  reduced  further  by  using  screens  which  have  in¬ 
creased  open  area.  The  pressure  drop  through  motor  S/N  901  was 
somewhat  higher  than  that  experienced  with  motor  3/ N  002.  This 
was  probably  due  to  a  slight  variation  in  catalyst  packing  procedure. 

On  the  whole,  these  tests  demonstrate  the  feasibility  of  cold  starting 
98  %  HaOj  motors. 


Pressure  oscillations  were  noticable  in  all 
the  tests  with  the  preheat  motors.  Previous  tests  carried  out  by  FMC 
Corporation  and  the  Walter  Kidde  Company  with  the  98%  HjOz  preheat 
motors  showed  minimum  pressure  oscillations.  It  was  found  that 
smooth  motor  operation  could  be  obtained  with  chamber -to-feed 
system  isolation  through  the  use  of  trim  orifices  or  venturi. 
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SECTION  I V 

CONCLUSIONS  AND  RECOMMENDATIONS 


The  laboratory  program  showed  that  the  ailver  and  silver  - 
palladium  catalyata  were  the  moat  active.  The  activity  of  the 
ailver -palladium  catalyat  waa  found  to  decline  upon  exposure  to 
high  temperature  a.  However,  in  actual  thruat  motor  teata, 
the  catalyat  effectively  decompoaed  98%  H202  at  high  preaaurea 
and  high  pack  loadinga.  Apparently  only  motor  atartup  waa 
affacted  by  the  loaa  of  activity.  Additional  laboratory  studies 
of  the  heat  deactivation  ahould  be  concerned  with  poaaible  complex 
oxidea  containing  ailver  which  have  higher  thermal  atability 
than  those  produced  at  the  surface  of  the  silver -palladium  catalyst. 
Alloys  which  can  form  the  more  stable  complex  oxidea  ahould 
then  be  explored. 

Although  thirty  other  metals  and  alloys  and  eighteen  catalyat 
pellets  were  studied  in  the  laboratory,  further  development  ia 
required  before  any  of  these  alternative  catalysts  could  be  used 
in  catalyat  packs.  The  beat  candidates  for  additional  work  include 
oxidea  of  manganese,  cobalt,  barium,  and  lead.  In  particular, 
the  formation  of  ternary  oxidea  such  as  thoae  containing  manganese 
and  barium  should  be  investigated  to  determine  which  phases  are 
catalytically  most  active  and  what  the  temperature  range  of 
atability  ia  for  each. 

The  thrust  motor  and  gas  generator  teats  demonstrate 
good  performance  for  catalyat  packa  based  on  the  silver-30% 
palladium  catalyst  screen.  The  initial  atartup  response  waa 
rapid.  The  decreaso  in  starting  capability  found  in  subsequent 
starts  did  not  occur  for  packa  which  contained  silver  catalyst 
screens  in  the  inlet  section  of  the  pack.  In  either  case,  the  packs 
performed  well  at  high  pack  loading  and  chamber  pressure. 

The  initial  starting  response  of  the  catalyst  pack  when  both 
*t  and  the  98%  H202  feed  were  at  30.  F  was  slower  than  at  ambient 
temperatures.  However,  additional  starts  with  the  30.  F  feed  and 
a  warm  test  motor  were  rapid.  This  indicates  the  feasibility  of 
using  the  pack  at  low  temperature  conditions,  particularly  with 
programmed  starts. 

The  pressure  drop  across  the  catalyst  pack  was  successfully 
lowered  by  shortening  the  pack  and  using  larger  open  area  filler 
screens  in  the  exhaust  section  of  the  pack.  It  ia  recommended 
that  larger  open  area  catalyst  screens  also  be  tested  to  achieve 
further  reduction  of  the  pressure  drop. 
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Currently.  stabilisers  are  not  added  to  the  commercially 
produced  98%  H,0,.  However  for  tome  application*  of  the  catalyst 
peck*  it  may  be  desirable  to  use  98%  HjOj  which  has  been  stabilised 
by  the  inclusion  of  additivss.  Previous  studies  have  shown  that  certain 
stabilisers  poison  the  silver  catalyst  .commonly  used  with  90%  H|Oj  thus 
rendering  the  pack  ineffective.  These  stabilisers  may  also  poison  the 
silver *30%  palladium  catalyst.  Therefore,  it  is  recommended  that 
•ilver-30%  palladium  catalyst  packs  be  tested  with  98%  H|0|  feeds  to 
which  different  known  stabilisers  have  been  added. 
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SECTION  V 


APPENDIXES 


1.  INITIAL  MOTOR  SCREENING  TEST  DATA 

Tha  following  tablet,  XXH  throm  h  XXXI,  gira  the  conpkt*  teat 
data  on  c  a  taly  at  pack*  AT- 1  through  AS  -11  teated  in  the  40  pound  throat 
motor. 
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Not  mi  H»0»  flow  m  .2657  lb. /sac.  9 

Pack  loading  -  20.4  P3IM  (lbs.  H»Oa/lnch  of  catalyst  frontal  area/bln.) 

•Mot  In  Average 

HA  -  Not  avallabla  dua  to  severe  oscillation  Seats  conducted  by  Halter  Jidda  Co. 
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2.  '  HICK  PRESSURE -HIGH  PACK  LOADING  TEST  DATA 

The  complete  test  data  for  catalyst  packs  AF-A1  through  AF-A1C 
tested  in  the  3/ 4M  diameter  test  chamber  appear  in  the  following  tables, 
XXXIX  through  t.m,. 
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N/A  -  Not  avallaDl®  due  to  sever*  oscillation.  Tests  conducted  by  Walter  Kldde 
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mm  prt Bsww-BiaH  bed  lgadino  test  no.  3  ov  catalyst  pack  ap-aA  WITH  97*6#  HtO.  ( 10/26/66 ) 
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